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Abstract: This study presents the results of the technical investigation carried out on several English
portrait miniatures painted in the 16th and 17th century by Nicholas Hilliard and Isaac Oliver,
two of the most famous limners working at the Tudor and Stuart courts. The 23 objects chosen for
the analysis, spanning almost the entire career of the two artists, belong to the collections of the
Victoria and Albert Museum (London) and the Fitzwilliam Museum (Cambridge). A non-invasive
scientific methodology, comprising of stereo and optical microscopies, Raman microscopy, and X-ray
fluorescence spectroscopy, was required for the investigation of these small-scale and fragile objects.
The palettes and working techniques of the two artists were characterised, focusing in particular
on the examination of flesh tones, mouths, and eyes. These findings were also compared to the
information written in the treatises on miniature painting circulating during the artists’ lifetime.
By identifying the materials and techniques most widely employed by the two artists, this study
provides information about similarities and differences in their working methods, which can help to
understand their artistic practice as well as contribute to matters of attribution.
Keywords: English portrait miniatures; pigments; painting technique; Isaac Oliver; Nicholas Hilliard;
non-invasive analysis; Raman microscopy; optical microscopy; X-ray fluorescence spectroscopy
1. Introduction
Miniature painting was a flourishing art form in 16th-century England. Characterised
by a minute and impeccable technique and a specific purpose, and offered as a personal gift
or to demonstrate devotion, portrait miniatures were painted on a vellum support glued
to a playing card, with pigments generally bound in gum Arabic [1]. Other substrates
included copper in the 17th century [2–4] as well as ivory from the beginning of the 18th
century [5–7].
Working at the court of Elizabeth I, Nicholas Hilliard (1547–1619) is considered one
of the most skilled and famous miniature painters (or ‘limners’); his style is characterised
by accurate reproduction of jewels and metals, imitation of various textures of fabrics,
and—from the 1580s onwards—pale flesh tones [8,9]. By the start of the 17th century,
a burgeoning interest in Continental-style art meant that Isaac Oliver (c. 1565–1617),
who almost certainly learned limning from Hilliard, could find patrons for his miniatures,
which were influenced by Continental art [10].
Only a few, albeit significant, technical studies have been carried out on English
portrait miniatures of the 16th and 17th centuries, generating an overview of several artists’
palette, chiefly Hilliard and Oliver [11,12]; however, the results were limited to a small
number of objects, therefore not representing the entire timeframe of activity of the artists.
A recently published paper [13] deals specifically with Oliver’s objects, exploring a few key
discoveries concerning his technique and collaborations. However, overall, little attention
has been paid to this art form, resulting in the lack of technical databases that would
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specify each artist’s materials and techniques and potentially help in addressing issues
of attribution.
This article examines 23 miniatures from the collections of the Victoria and Albert
Museum, London (V&A) and the Fitzwilliam Museum, Cambridge (FM). The objective
of this work is to characterise the palette and advance the knowledge of the working
techniques of Nicholas Hilliard and Isaac Oliver, two of the most famous limners working
in England during the Tudor and Stuart period, by extending the number of objects being
investigated in comparison to previous studies, as well as their timeframe.
By employing a non-invasive approach, fragile and small-scale objects can be carefully
investigated, as sampling of this kind of artworks is usually not allowed and is generally
considered unethical. All the miniatures have been documented through stereomicroscopy
and optical microscopy in order to magnify the details; subsequently, X-ray fluorescence
spectroscopy (XRF) was carried out on all the main areas of the objects, narrowing down
the identity of the pigments and identifying the metals, and Raman microscopy was used
to refine the investigation and confirm specific compounds.
The examination followed a systematic approach, exploring several different areas on
each miniature [14]. This article focuses specifically on the materials and techniques used
to paint flesh tones, mouths and eyes. In particular, the flesh area was investigated on the
carnation, intended as the first flesh layer without any modelling. Additionally, the orange
preparation layer under the gilded details, often visible and accessible for analysis, and the
green paint passages were also analysed, providing a first understanding of the materials
used for these parts. The scientific results were then compared to the information written
in Hilliard’s treatise the Arte of Liming (1578) [15] and Norgate’s Miniatura or the Art of
Limning (1627) [1], both unpublished at the time but which seem to have clearly circulated
in manuscript form among artists [16].
This study provides an important opportunity to broaden the understanding of the
technique of two artists by means of a non-invasive approach, identifying key features
that characterise artists’ materials and technique, as well as helping in ascertaining the
attribution of objects and thus refining the corpus of their artistic production. Finally, it offers
new technical insights within the rich and wide context of English miniature-painting in
the late 16th and early 17th centuries.
2. Materials and Methods
2.1. Objects
Seven miniatures painted by Nicholas Hilliard from the V&A collections were studied,
as well as sixteen objects by Isaac Oliver: nine from the V&A and seven from the Fitzwilliam
Museum (Table 1). The portrait of an Unknown Man (FM 3882) carries a tentative attribution
to Oliver [17]; Sir Philip Sidney (630-1882) was in the past attributed to Oliver although it is
now accepted as having been painted in the style of Oliver. Both will be further discussed
in Section 3.2.2. In Table 2, the objects are listed in an approximate chronological order,
as some of them have a wide date range.
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Table 1. Miniatures attributed to Isaac Oliver and Nicholas Hilliard © V&A, © The Fitzwilliam Museum.
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Table 2. Miniatures which have undergone technical and scientific examination.
Number Subject Artist Date Collection
P.154-1910 Richard Hilliard N. Hilliard 1576–77 V&A
P.155-1910 Self-portrait, aged 30 N. Hilliard 1577 V&A
E.1178-1988 An unknown man N. Hilliard 1580–85 V&A
P.21-1942 Unknown man clasping a hand from a cloud N. Hilliard 1588 V&A
P.8-1945 An unknown lady N. Hilliard c. 1590 V&A
P.5-1944 An unknown man N. Hilliard 1597 V&A
P.5-1917 Unknown young man against a background of flames N. Hilliard c. 1600 V&A
FM 3882 An unknown man I. Oliver (attributed) 1588 FM
FM 3883 An unknown lady I. Oliver 1590 FM
P.145-1910 Young girl, aged 4, holding an apple I. Oliver 1590 V&A
P.146-1910 Young girl, aged 5, holding a carnation I. Oliver 1590 V&A
P.11-1947 An unknown man (formerly called Sir Francis Drake) I. Oliver c. 1590 V&A
IS.60-1978 An unknown gentleman I. Oliver c. 1595 V&A
FM 3868 An unknown lady I. Oliver 1595–1600 FM
P.43-1941 An unknown lady I. Oliver 1595–1600 V&A
E.1177-1988 Robert Devereux, 2nd Earl of Essex I. Oliver 1596–1601 V&A
630-1882 Possibly Sir Philip Sidney I. Oliver (after) 1600-50 V&A
FM 3869 Ludovic Stuart, 2nd Duke of Lennox I. Oliver 1603 FM
FM 3902 Probably Lucy Harington, Countess of Bedford I. Oliver 1605–15 FM
FM 3903 Henry Frederick, Prince of Wales I. Oliver c. 1610 FM
P.129-1910 An unknown gentleman I. Oliver 1610 V&A
P.39-1941 An unknown lady I. Oliver c. 1615 V&A
FM 3865 Richard Sackville, 3rd Earl of Dorset I. Oliver c. 1616 FM
2.2. Instrumental Methods
All the objects were examined under UV light to avoid retouched areas during the
analyses. The miniatures belonging to the Fitzwilliam Museum were investigated as part
of an ongoing research project on Oliver’s materials and technique and using an expanded
analytical protocol [13].
Details of the objects were documented by using a Leica stereomicroscope with
magnification ranging from 7.5x to 60x and a Leica Aristomet microscope equipped with
three objectives (10x, 20x, and 40x), a 10x eyepiece, and an optical zoom of up to 2.5x.
Raman spectra were collected by a Horiba Jobin Yvon XploRA microscope, equipped
with 638 nm and 532 nm diode lasers. The 50x objective lens was used to focus the laser on
the objects, the laser power was usually kept below 1 mW, and the spatial resolution was
between 1 and 2 µm, depending on experimental conditions.
The X-ray fluorescence (XRF) analysis was performed with an ArtTAX XRF spectrom-
eter at 50 kV, 600 µA, and 100 s (live time). The analysis spot was approximately 0.2 mm
across. Published and in-house Raman databases were used for the interpretation of the
results [18,19].
The Raman and XRF data collected from all the miniatures are reported in the Supple-
mentary Materials. XRF analysis provided information on pigments and metals that are
not the focus on the present paper, therefore these data are not referenced in the text.
3. Results
3.1. Nicholas Hilliard’s Painting Technique
According to stylistic studies [17], Hilliard’s technique for the flesh tones can be
divided in two phases. The first one corresponds to his early miniatures, including the
two objects that he painted in France (P.154-1910, P.155-1910) and a portrait of an unknown
man (E.1177-1988) studied in this article. It is characterised by highly worked and fully
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a
lead white and carbon black matrix scattered with red pigment particles, typically hematite
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and vermilion. This is also in accordance with the findings on a portrait of Henri III,
recently discovered and associated to Hilliard’s work in France [20]. In the second group of
objects, corresponding to his stylistic change during the 1580s, the flesh tones appear pale,
with a preference for red lead as the main red components, although the use of red lakes,
now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goethite,
were also identified, seldom mixed with azurite.
The results are described in Table 3 and corroborate what Hilliard described in his
treatise. Lead white and red lead were indeed the materials he recommended to use for
the carnation; in the case of a pale complexion the use of the red component, sometimes
mixed with a small amount of masticote (a term that at this period should be understood
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres
should be added [15]. Similar mixtures are also described by Norgate, although he does
not mention the use of masticote [1]. Additionally, scientific analyses revealed the presence
of vermilion, which was discouraged by Hilliard and Norgate in their treatises but was
consistently employed in the flesh tones analysed.
The volume of the mouth was built up starting with two short brown lines painted at
the corners (Figure 1); vermilion is the main pigment used for the lips during the French
period, whereas from the 1580s, pink lakes and red lead are preferred. The separation
line between upper and lower lip consisted of a red lake. These results confirmed what
was written by Hilliard and Norgate, as the materials to be used for the mouth were lake,
red lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an
additional pigment present.
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examination.
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i er corner. Th  eyelash and e lid lines were gener lly trac  with a black or a diluted 
b w  pigment, probably of a ic origin and p rtially faded. A s cond, darker line cov-
ered the first one and w s m de of c rbon black and wh t lo ks like o ganic brown pig-
me ts (Figure 2a); on the later portr it , the second line app ars to be applied only on the 
ey l sh line a d not on the eyelid fold (Figure 2b). The only exception is on E.1178-1988, 
whe e the first lines are traced with  r d mat rial. Th  pres ce of eyelashes is shown 
only o  the portrait of an unknow  woman (P.8-1945), wher  d ts are painted on the 
lower ey lash line (Figure 2b). 
Hilliard wrot that the u lines of th facial f at res should be draw  by a f ne pencil 
(to be understood as a brush) wi h a aint rose colour made of a lake [15]; this probably 
corr ponds to the brown li es of ga ic origin seen duri g th  analyses.  
The eyes’ i ner corn r, h n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
Ta le 3. Miniatures by Nicholas Hilliard which have undergon  techni al and scient fic examina-
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objects that he painted in France (P.154-1910, P.155-1910) and a portrait of an unknown 
m  (E.1177-1988) s udi  in t s r icle. It is c aracterised by highly worked and fully 
mode led flesh tones, achieved by pplying many layers f paint. Th  analys s showed a 
lead whit  and c bon black matrix scat e ed with r d pigment particles, typically hema-
tite an  verm lio . This is also c d nce with he findings on a portrait of Henri III, 
cently iscovered and ass ciated to Hilli rd’s wo k i France [20]. In the second group 
of objects, corre p nding to h s stylistic cha ge during the 1580 , the flesh tones appear 
pal , with a prefe ence for red le  s th main red c mponents, alt o gh the use of red 
lakes, now fad , cannot b  ruled u . Yellow pigment , such as lead tin yellow and goe-
thite, wer  a s  identified, s ldom mixed with azurite.  
The sult  re sc i ed in Table 3 and corroborate what Hilliard escribed in his 
tr tise. L a white nd red l ad w r  i ed the mate ials he recommend d to use for 
the car ation; in the case of a pal  c mpl xion th  use of the red co p n nt, sometimes 
mixed with a s all ount f m icote (a term tha at this period hould be understood 
as lea  tin y llo  [21,22]), w s reduced, whereas for  warthy one, ma ticote and ochres 
should b  dde  [15]. Similar mixtu es are also scribed by Norgate, although he does 
n t m ntion the use f mastico e [1]. Add tio ly, sci tific analyses rev aled the presence 
of vermilion, which was discoura e by H lliard and Norgat in their treatises but was 
c nsisten l  employed in the fl sh tones analysed.   
Th vol me f e mouth was u lt up starting with two short brown lin s painted 
at the c rners (Figure 1); vermil on s the ai  pigm us d for the lips during t e French 
period, whereas from th  1580s, pink lake an  r d le d ar  referred. The separation line 
betw en up er and low r lip con ist  of a red l ke. The e results confirmed what was 
writt n by H lliard and N rgate, s the mat ia  to b  us d f r e mouth were lake, red 
l d, and a white pig ent [1,15]. V rmil o  wa identified by scientific analyses as an 
dd tional pigm  present.  
Th  ey s wer investigated in s v r l ar as: the ey las  lin s, the eyelid fold, and the 
i er corner. Th  eyelash and e lid lines were gener lly trac  with a black or a diluted 
b w  pigment, probably of a ic origin and p rtially faded. A s cond, darker line cov-
ered the first one and w s m de of c bo  black a d wh t lo ks like o ganic brown pig-
me  (Figure 2a); o  the late  p rtr it , the second line app ars to be applied only on the 
ey sh line a d not on the yelid f ld (Figure 2b). The only exception is on E.1178-1988, 
w e e the first l nes are t ac d with  r d mat rial. Th  pres ce of eyelashes is shown 
nly o  the portrait of an unknow  woma  (P.8-1945), wher  d ts are painted on the 
lower ey lash line (Figure 2b). 
Hilliard wrot that t e u lines of th facial f at res should be draw  by a f ne pencil 
(to be under tood as a brush) wi h a aint ro e c lour made of a lake [15]; this probably 
c r ponds to the brown li es of ga ic origin seen duri g th  analyses.  
The eyes’ i ner corn r, h n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mini tures by Nicholas Hilliard which have undergon  techni al and scient fic examina-
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objects that he pai ted in France (P.154-1910, P.155-1910) and a portrait of an unknown 
m  (E.1177-1988) s udi  in t s r icle. It is c aracterised by highly worked and fully 
mode led flesh t nes, achieved by pplying many layers f paint. Th  analys s showed a 
lea  hit  and c bon black matrix scat e d with r d pigment particles, typically hema-
tite an  verm lio . This is also c d ce with he findings on a portrait of Henri III, 
cently iscovered and ass ciat d to Hilli rd’s wo k i France [20]. In the second group 
of obj cts, corre p nding to h s stylistic cha ge during the 1580 , the flesh tones appear 
pal , with a prefe ence for red le  s th main red c mponents, alt o gh the use of red 
akes, now fad , annot b ruled u . Yellow pigment , such as lead tin yellow and goe-
th e, wer  a s  identified, s ldom mixed with azurite.  
The sult  re sc i ed in Table 3 a d corroborate what Hilliard escribed in his 
tr tise. L a white nd red l ad w r  i ed the mate ials he recommend d to use for 
the car ation; in t  case f a pale c mpl xion th  use of the red co p n nt, sometimes 
mixed with a s all ount f m icote (a term tha at this period hould be understood 
as lea  tin y llo  [21,22]), w s reduced, whe as for  warthy one, ma ticote and ochres 
should b  dd [15]. Similar mixt es are also scribed by Norgate, although he does 
n t m ntion the use f mastico e [1]. Add tio ly, sci tific analyses rev aled the presence 
of vermilion, which was discoura e by H lliard and Norgat in their treatises but was 
c nsi ten l  employed in the fl sh tones analysed.   
Th vol me f e mouth as u lt up starting with two short brown lin s painted 
at the c rn rs (Figure 1); vermil on s the ai  pigm us d for the lips during t e French 
period, wh reas from th  1580s, pink lake an  r d le d ar  referred. The separation line 
betw en up er and low r lip con ist  of a red l ke. The e results confirmed what was 
writt n by H lliar and N rgate, s the mat ia  to b  us d f r e mouth were lake, red 
d, and a whit  pig ent [1,15]. V rmil o  wa identified by scientific analyses as an 
dd tional pigm  present.  
Th  ey s wer i ves igated in s v r l ar as: the ey las  lin s, the eyelid fold, and the 
i r cor . Th  ey lash and e lid lines were gener lly trac  with a black or a diluted 
b w  pigment, probably of a ic o igin and p rtially faded. A s cond, darker line cov-
ered the first one and w s m de of c bo  black a d wh t lo ks like o ganic brown pig-
me  (Figur 2a); o  the late  rtr it , the second line app ars to be applied only on the 
ey sh line a d not on the yelid f ld (Figure 2b). The only exception is on E.1178-1988, 
w e e the first l n  are t ac d with  r d mat rial. Th  pres ce of eyelashes is shown 
nly o  the portrait of an unknow  woma  (P.8-1945), wher  d ts are painted on the 
lower ey lash line (Figure 2b). 
Hilliard wrot that t e u lines o  th facia  f at res should be draw  by a f ne pencil 
(to b  under too  as a brush) wi h a aint ro e c lour made of a lake [15]; this probably 
c r ponds to the brown li es of ga ic origin seen duri g th  analyses.  
The eyes’ i ner corn r, h n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mini tures by N holas Hilliard which have undergon  techni al and scient fic examina-
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objects that he ai ted in France (P.154-1910, P.155-1910) and a portrait of an unknown 
m  (E.1177-1988) s udi  in t s r icle. It is c aracterised by highly worked and fully 
mode led flesh t nes, achieved by pplying many layers f paint. Th  analys s showed a 
lea  hit  and c bon black matrix sc t e d with r d pigment particles, typically hema-
ti e an  verm lio . This is also c d ce with he findings on a portrait of Henri III, 
cently is overed and a s ciat d to Hilli rd’s wo k i France [20]. In the second group 
of obj cts, corre p nding to h  stylistic cha ge during the 1580 , the flesh tones appear 
pal , with a prefe ence for r d l  s th main red c mponents, alt o gh the use of red 
akes, now fad , an ot b ruled u . Yellow pigment , such as lead tin yellow and goe-
th e, wer  a s  identified, s ldom mixed with azurite.  
Th  sult  re sc i ed in Table 3 a d corroborate what Hilliard escribed in his 
tr tise. L a white nd red l ad w r  i ed the mate ials he recommend d to use for 
the car ation; in t  case f a pal  c mpl xion th  use of the red co p n nt, sometimes 
mixed with a s all ount f m ic te (a term tha at this period hould be understood 
as lea  tin y ll  [21,22]), w s reduc d, whe as for  warthy one, ma ticote and ochres 
should b  dd [15]. Similar mixt  are also scribed by Norgate, although he does 
n t m ntion the use f mastico e [1]. Add tio ly, sci tific analyses rev aled the presence 
of vermilion, which was discoura e by H lliard and Norgat in their treatises but was 
c nsi ten l  employed in the fl sh tones analysed.   
Th vol me f e mouth s u lt up starting with two short brown lin s painted 
at the c rn rs (Figure 1); vermil on s the ai  pigm us d for the lips during t e French 
period, wh reas from th  1580s, pi k lake an  r d le d ar  referred. The separation line 
betw en up er and low r lip con ist of a red l ke. The e results confirmed what was 
writt n by H lliar and N rgate, s the mat ia  to b  us d f r e mouth were lake, red 
d, and a whit  pig ent [1,15]. V rmil o  wa identified by scientific analyses as an 
dd tional pigm  present.  
Th  ey s wer i v s igated i  s ver l ar as: the ey las  lin s, the eyelid fold, and the 
i r cor . Th  ey lash and e lid lines were gener lly trac  with a black or a diluted 
b w pigment, pr bably of a i  igin and p rtially faded. A s cond, darker line cov-
ered t e first one and w s m de of c bo  black a d wh t lo ks like o ganic brown pig-
me  (Figur 2a); o  the late  rtr it , the second line app ars to be applied only on the 
ey sh line a d not on the yelid f ld (Figure 2b). The only exception is on E.1178-1988, 
w e e the first l n  are t ac d with  r d mat rial. Th  pres ce of eyelashes is shown 
nly o  the portrait of an unkn w  woma  (P.8-1945), wher  d ts are painted on the 
lower ey lash line (Figure 2b). 
Hilliard wrot that t e u lines o  th facia  f at res should be draw  by a f ne pencil 
(t  b  under too  as a brush) wi h a aint ro e c lour made of a lake [15]; this probably 
c r po ds to the brown li es of ga ic origin seen duri g th  analyses.  
T e eyes’ i n  corn r, h n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mini tures by N holas Hilliard which have undergon  techni al and scient fic examina-
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objects that he painted n F ance (P.154- 910, P.155-1910) and a portrait f an u known
an (E.1177-1988) studied in th s rtic . It is char cterised by hig ly w rk nd fully
mo elled flesh tones, ach ved y pplying m ny layers of paint. The nalys s how a 
lead whit and carbo black matr x scat er d red p gment par icles, typ ally hema-
tite and vermi ion. This is als  in a r an  wi h the findi gs on p rtra t f n i III,
recently discovered and ass c ated t  Hilliard’s wo k in France [20]. I  the second g up
of objec s, cor s o ing to his sty istic c a g  duri g the 1580s,  flesh to e ppear
pal , with  pr fer nce f r r d l ad the mai  red compone t , a t o gh the us  of red
lakes, now fad , c nnot be rul out. Y llow pigments, such as lead tin yellow and goe-
thite, w re also identified, s ldom mix d with zurit .  
The r sults ar sc b  in Tab 3 and corroborat  h t Hi lia d cribed in is
reatise. L ad whit  and red lead were ind d m terials h  r co end d t  use for
the carna on; in the case of  pale co plex on t e use f th  re  componen , sometimes
mix d with a small am u t of m ti ote (  term that at this peri d s oul be u erstood
as lea tin ye low [21,22]), wa  red c , whe eas for a war hy n , ma tico e and och
should be add d [15]. Similar ix ures are also describ d by Norga e, l hough h do s
n t ment  the use of st cote [1]. Additio ally, sci ntific alyses r veal d the presence
of v r i ion, which wa  discouraged by Hi l ar and Norgate in t ir trea ise  but was 
consistently e pl yed in the fl sh t nes a alys d.   
The volume of the mou  w s built up starti g wit  tw s ort brow l es painte
at th  corners (Figu e 1); v r ilion is the mai  pigme t u ed for t e li s du g t  Fre c
p riod, wher as f om th 1580s, pink lakes nd ed l ad are p fe red. The s paration li e
etw en upp r and lower l p consis e  of a e lak . These r sults confirmed w at was
written by Hilliard and Norgate, as the ma erials to be u ed fo  th mouth were l k , red
lea , a d a white i  [1,15]. Ve ilion was identified by cientific analyses as an 
additional pigm nt pres nt.  
e ey s w r  investigated in s v ral r s: th  y lash lin , h yelid f , d he
nner corner. The eyelash and eyel d li es were en rally tr ce wi h a bl ck r a ilut
b own pigment, probably of o ga c o igi and p rtially f d d. A sec n , darke  line c v
er d the first one nd w s made of carb n bla k and w t l oks k rganic br wn pig-
ment  (F gure 2a); n t e lat r portrait , t  secon lin a pears t  be appl ed only on the
eyela h line nd ot on the y li  fold (Figur 2b). The only exc tion is on E.1178-1988,
where the first li es are traced with a red mate ial. The presence of ey las s is shown
only on the portrait of an unknown wom n (P.8-1945), where dots are painted on the 
lower eyelas  l ne (Figure 2b). 
Hilliard wro e th t the outli es of the facial feat s sh ld be dr wn by fine p ncil
(to be unde sto d a  a brush) ith a faint rose c l u  m de of a lake [15]; this p obably
correspo ds t  th  br w lines of o g nic orig n s n duri g the analyses. 
The eyes’ inner corn , when is ble, is p nt d wi  a r d materi l, the composition 
of which varies for each miniature.  
Table 3. Mi iatur s by Nich las Hilliard which h ve un ergo  technic l and scientific examina-
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objects that he painted n F ance (P.154- 910, P.155-1910) an portrait f an u known
an (E.1177-1988) studied in th s rtic . It is char cterised by ig ly w rk nd fully
mo elled flesh one , ach ved y pplying m ny lay rs of paint. The nalys s how a 
lead wh t and c rbo black ma r x scat er d r d pigment par icles, typ cally hema-
tite verm ion. This is als  in a r ance wi h the findi gs on p rtra t f H n i III,
recently discovered and ass c ated t  Hilliard’s wo k in France [20]. I  the second g up
of obj c s, cor s ing to h s sty istic c a g  duri g t e 1580 ,  flesh to e ppear
pal , with  pr fe nce f r r d l ad th mai  r d compone t , a t gh the use of red
lakes, now fa , c nnot be rul ut. Y llow pigment , such as lead tin yellow and goe-
thite, w  also identified, s ld m mix d with zurit .  
The sult  ar esc b in Tab 3 and corroborat  h Hi lia d cribed in is
re tise. L ad whit  and red l ad were indeed te ials h  reco end d t  use for
the car a on; in the case of  pal  c pl x on t e use f th  re  comp n n , sometimes
mix d with  small am u t f m i ote (a term that at this peri d s oul be u erstood
as lea tin ye low [21,22]), wa  red c , whe eas for a war hy n , ma ticote and och
should be add d [15]. Simil r ix ures are also escribed by No ga e, l hough h do s
n t ment  the us  f st cote [1]. Additio ally, sci ntific alyses r v al d the presence
of v r i ion, which wa  discouraged by Hi liar and Norgate in their treatise  but was 
c nsistentl  e pl yed in the fl sh t nes a aly d.   
Th volume f ou  w s built up starti g wit  tw  s ort brown l s painte
at th  corners (Figu e 1); v r ilion is the ai  pigme t us d fo the li s du i g t  Frenc
p riod, wher as f om th 1580s, pink lak n  ed l ad ar  p fe red. The s paration li e
etw en upp r and lower l p consis  of a e lak . The e r sults confirmed w at was
written by Hilliard and N rgate, s the ma erial  to be u ed f  mouth were l k , red
le , a d a white i  [1,15]. Ve ilion was identified by scientific analyses as an 
dd tional pigm  pres nt.  
e ey s w r  investigat d in s v ral r s: th  y las  lin s, h yelid f l , d he
ner corner. The eyelash and eyel d i es were en rally tr c wi h a bl ck r a ilut
b ow  pig ent, proba ly of a c o igi and p rtially f d d. A sec nd, darke  line c v
er d first one nd w s made of c rb n bla k and w at lo ks k ganic br wn pig-
ment  (F gure 2a); n t e lat r portrait , t  s con li a p ars t  be appl ed only on the
ey la h line d ot on the y li  fold (Figur 2b). The only xce ti n is on E.1178-1988,
whe e the first li es are tr ced with  red mat ial. Th res nce of ey las s is shown
only on the portrait of an unknow  wom n (P.8-1945), where dots are painted on the 
lower ey las   (Figure 2b). 
Hilliard wro th t the u li es of th  facial fe t s sh ld be dr w  by a f ne p ncil
(to be u de sto d a  a brush) i h a faint rose col u  m de of a lake [15]; this p obably
correspo ds t  th  br w lines of g ic orig n s n duri g th  analyses.  
T e eyes’ i ner corn , wh n is ble, is p int d wi  a red material, the composition 
of which varies for each miniature.  
Table 3. Mi iatur s by Nich l s Hilliard which h ve un ergo e techni al and scient fic examina-
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objects th t he painted n F ance (P.154-1910, P.155-1910) an portrait f an u known
an (E.1177-1988) s udied in t s r cle. It is c ar cterised by ig ly w rk nd fully
mo elled flesh one , ac ved y pplying m ny lay rs of paint. The nalys s how d a 
le d wh t and c rbo black ma rix scat ered r d pigment par icles, typ cally hema-
tite verm on. This is als  n c r ance wi h the findi gs on p rtrait f H n i III,
cently discovered and ass c ated t  Hilli rd’s wo k in France [20]. I  the second gr up
f obj c s, cor ing to h s stylistic cha g  duri g t e 1580 ,  flesh to e ppear
pal , with  pr fe nce f r r d l a s th ma r d c mpone t , a t gh the use of red
lak s, now fa , c nnot be rul ut. Yellow pigment , such as lead tin yellow and goe-
thite, w  a s  identified, s ld m mix d with zurit .  
The sult  ar esc b in Tab 3 and corroborat  h Hi liard cribed in is
re tise. L ad whit  and red l ad w  indeed te ials h  reco mend d t  use for
the car on; in th  case of  pal c pl x n t e use f th re  co p n n , sometimes
mix d with  s all am u t f m s i ote (a term that at this peri d oul be u erstood
as lea tin ye low [21,22]), wa  red c d, whe e s f r a war hy n , ma ticote and ochr
should be add d [15]. Sim l r ix u es are also escribed by No ga e, lthough h do s
n t ment  the us  f st cote [1]. Add tio ly, sci ntific alyses r v al d the presence
of v r i ion, which wa discourage by Hi liar and Norgat in their treatises but was 
c nsisten l  e pl yed in the fl sh t nes a aly d.   
Th volume f ou  was bu lt up starti g wit  tw  s ort brown li s painte
at th  cor ers (Figu e 1); v r il on is th ai  pigme t us d fo the li s du i g t  Frenc
p riod, wher as f om th 1580s, pink lak s n  red l ad ar  fe red. The s paration li e
etw n up r and lower l p consist  of a e lak . The sults confirmed w at was
written by Hilliard and N rga e, s the ma er al  to be u ed f  mouth were lak , red
l , a d a white i  [1,15]. V ilion was identified by scientific analyses as an 
dd tional pigm  pres nt.  
e ey s w r  investigat d in s v r l r as: the y las  lines, h yelid f l , nd he
ner corner. Th eyelash and ey l d i e  were en r lly tr c wi h a bl ck r a ilut  
b w  pig ent, proba ly of c igi and partially f d d. A s c nd, darke  line c v
er d fi st one nd w s m de of c rb n bl k and wh t lo ks k ganic brown pig-
me t  (F gure 2a); n t e lat r portraits, t  s con li a p ars t  be applied only on the
ey la h line d ot on the y li  fold (Figure 2b). The only xce ti n is on E.1178-1988,
whe e the first li es re tr ced wit  red m t rial. Th res nce of ey las s is shown
only on the portrait of an unknow  woman (P.8-1945), wher  d ts are painted on the 
lower ey las  (Figure 2b). 
Hilliard wro th t the u li es f th  facial f s sh ld be draw  by a f ne p ncil
(to be u de sto d a  a brush) i h a faint rose col ur m de of a lake [15]; this p obably
correspo d  t  th  br w lines of g ic o ig n s n duri g th analyses.  
T e eyes’ i ner corn , wh n is ble, is p int d wi h a red mater al, the composition 
f which varies for each miniature.  
Ta le 3. Mi iatur s by Nich l s Hilliard which h ve un ergo  techni al and scient fic examina-
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objects th t he painted n F ance (P.154-1910, P.155-1910) an portrait f an u known
 (E.1177-1988) s udi  in t s r cle. It i c ar cterised by ig ly w rk nd fully
mode led flesh on , ac ved  pp ying ny lay rs f paint. The nalyses howed a 
le d h t and ca bon black ma r x sca ed ed pigment par icles, typ cally hema-
t te ve m io . This is also c d nce with he findi gs on  p rtrait f H n i III,
cently iscover d and assoc ated to Hilli rd’s wo k i France [20]. I  the second gr up
f obj c s, r po ing o hi  stylistic change duri g t e 1580s,  flesh tone  appear
pal , with  pr fer ce for red l  as th ma r  c mpone t , alt ugh the use of red 
lak s, no fa , c nnot b  rul ou . Yellow pigments, such as lead tin yellow and goe-
thite, w re a s  identified, s l m mix d wit  zurite.  
The r sul s r sc in Tab 3 an  c rroborat wh Hi liard de cribed in his
r atise. L a whit and red l ad we  i eed materials h  reco mended to use for
the carn on; in th  case of  pal c pl x  t use f the re  co ponen , sometimes
mixed wit ll un  of ma i ote (a m tha at this peri d houl be u erstood
as lea tin ye lo  [21,22]), w  reduc d, wher s f r war hy ne, ma ticote and ochr
shou  b  dd [15]. Sim l r ix u s are also described by No ga e, lthough h  do s
n t m nt  the us  of m st co e [1]. Add tio ly, sci tific alyses r veal d the presence
of v r i ion, which wa discoura e by H liar  and Norgat  in their treatises but was 
c n isten ly e pl yed in he fl sh tones a aly ed.   
The vol m  o ou  was u lt up s arting wit  tw  s ort brown li es painted
at th c r rs (Figure 1); ver il on s th mai  pigm used fo  the li s du i g t  French
p rio , wh as f om t  1580 , pink lak nd r d l d are fe red. The separation line
etw n up r and low r lip con ist d of a  l k . Thes  sults confirmed w at was
writt n by H ll ar a d N rga e, s the mat a  to b  u ed for th  mouth were lake, red
l a , a d a white i  [1,15]. V rmil o  wa identified by scientific analyses as an 
additional pigm nt pr s nt.  
ey s w r inves igat d in s v r l ar as: the y lash lin s, he yelid f l , nd he
n er corner. Th eye ash and e l d ine  were en r lly trac with a black r a ilut d 
b wn pig ent, pr ba ly of igi and partially f d d. A s c nd, darke  line cov
er d fi t one nd w s made of c b bl k a d wh t lo ks k rganic brown pig-
me  ( r a ;  the at por r it , the s cond li a pears t  be applied only on the
eye h line nd ot on the yeli  f ld (Figure 2b). The only xce ti n is on E.1178-1988,
w ere the first l es are t c d wi   r d m t rial. Th rese ce of ey lashes is shown
nly o  the portrait of an unknown woma  (P.8-1945), wher  d ts are painted on the 
lower ey l s  (Figure 2b). 
H lliard wr t  th t t e utli es f th facial f s sh ld be drawn by a fine pencil
(to be u de to d a  a brush) ith a aint ro e c l ur m de of a lake [15]; this probably 
c rr po d  t  th  br w li es of o g nic o ig  s n during the analyses.  
T e eyes’ inner corn , hen visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mi iatur s by Nichol s Hilliard which h ve un ergon  technical and scientific examina-
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objects th t he pai ted n F ance (P.154-1910, P.155-1910) an portrait f an u known
 (E.1177-1988) s udi  in t s rt cle. It i c ar cterised by ig ly w rk nd fully
mo e led flesh n , ac ved b  app ying ny lay rs f paint. Th  nalys s showed a 
le  h t and c bon black ma r x sca d d pigment par icles, typ cally hema-
t te ve m lio . This is also i d ce with he findi gs on a p rtrait f Hen i III,
recently iscover d and ass c at d to Hilliard’s wo k i France [20]. I  the second group
f obj c s, r sp ing o h stylistic change duri g t e 1580 ,  flesh tone  appear
pal , with  pr fe ce for red l d s th ma r  c mponent , alt gh the use of red 
ak s, no fa , annot b ruled u . Yellow pigment , such as lead tin yellow and goe-
th e, w r  als  identified, s l m mix d wit zurite.  
The sul  r sc i in Tabl 3 a  c rroborat wha Hilliard e cribed in his
r tise. L a whit and red l ad w  i ed mate ials h  reco mend d to use for
the car ion; in t  case f  pale c pl xi  t use f the re  comp n n , sometimes
mixed it m ll un f m i ote (a m tha at this peri d shoul be u erstood
as lea tin ell  [21,22]), w  reduc d, wher s f r war hy ne, ma ticote and ochr
hou  b  dd [15]. Sim l r mixt r s are also escribed by No ga e, lthough h  does
n t m nt  the us  f m s co e [1]. Additio ally, sci tific nalyses r v al d the presence
of v r i ion, which wa discoura ed by H liar  and Norgate in their treatises but was 
c n i entl  e pl yed in he flesh tones a aly ed.   
Th vol m  ou  as uilt up s arting wit  tw  s ort brown li s painted
at th c r s (Figure 1); v rmilion s th  ai  pigm  us d fo  the li s duri g t e French
p rio , wh as f om t  1580 , pink lak n  r d l d ar  p fe red. The separation line
etw n upp r and low r lip con ist of a  l k . The  sults confirmed what was
writt n by H ll ar a d N rga , s the mat a  to b  u ed f r e mouth were lake, red
e , a d a whit  pigm  [1,15]. Vermil o  wa identified by scientific analyses as an 
dd tional pigm  pr sent.  
ey s w r i ves igat d in s v r l ar as: the ey las  lin s, the yelid f l , and he
r cor . Th ey ash and e el d ine  were gen rally trac  with a black r a diluted 
b ow  pig ent, pr ba ly of igi and partially fad d. A second, darke  line cov
er d fi t one nd w s made f c b bl k a d what lo ks k ganic brown pig-
men  ( r a ; the at or r it the s cond li a p ars t  be applied only on the
ey h line d ot on the yeli  f ld (Figure 2b). The only xcepti n is on E.1178-1988,
w e e the fi st l are t c d wi   r d m t rial. Th res ce of ey lashes is shown
nly o  the portrait of an unknow  woma  (P.8-1945), wher  dots are painted on the 
lower ey l s   (Figure 2b). 
H lliard wr t th t t e u li es th facia  fe es should be draw  by a f ne pencil
(to b  u der to  as a brush) wi h a aint ro e c lour m de of a lake [15]; this probably 
c r po d  t  the br w li es of g ic o ig  s n duri g th analyses.  
T e eyes’ i ner corn r, h n visible, is painted with a red material, the composition 
of which varies for each miniature.  
T ble 3. Mi iatur s by N hol s Hilliard which have un ergone techni al and scient fic examina-
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objects that he painted in Fran  (P.154-1910, P.155-1910) and portr it  unknow
m n (E.1177-1988) studied in this rticle. It is c a ct r sed by highly w k and fully 
modelled flesh ton s, ach ved y pplying ny l ye f paint. Th analys how d a
l ad whit  a d carbo  bl ck m t ix s at red w h r  p gment p ticl , typi ally hema-
tite and vermi ion. Th s i  als  in ac r an  wi h he findings on  portr i  f n i III,
rec ntly discovered and ass iate  t  Hilli d’s work i France [20]. I seco d gr up
of objects, corr s ondi g to his stylistic cha g uri g the 1580s, th flesh t nes ppe r 
pal , it  a preference f r r lead s th   r d compone ts, a t o gh th  s  of red
lakes, now faded, c nnot b  rul  out. Y llow pigm nts, suc  as le d n y ow a d g -
hite, were lso iden fi d, seldom mix with azu it .  
The r sults r e cr be Tab  3 and corr b r t h t Hi l a d s ribe in i
treatise. L ad whit nd red lead were ind ed th m ri ls he r c m ended  u e for
the c rn t on; in the case of  pale co plex on the s of th d c mpon , so eti
mixed with a small am u t of asticote (  te m that t th s pe i  s ould be und stoo
as lead tin ye low [21,22]), was reduce , whe eas f r a warthy on , mast c  and och
should be added [15]. Similar x ures are a so escr b  by No gate, although he do
n t menti  the use of masticote [1]. Additi ally, sci tific aly es rev le  th  p es nce 
of vermilion, which was discour ged by Hil d a d Norga  in ir re se b wa
consisten ly mploy d in he f sh t nes a alys d. 
The volume of the mouth was built up st rti g with two ort brow i e  aint
at he corners (Fig e 1); v r ilio  th main pigme t u d for t  l ps u g t  Fr c
period, her as from the 1580s, pink lakes and red l d are r ferre . The s pa ation li e
betwee  upp r and low r l p consiste  of  re lak . T se r sul s c f rmed t w
written by Hilliar  and Norgate, s the m erial  to b  u d fo  th  mouth were lak , red 
lead, and a w ite i t [1,15]. Ve on was identified by c n ific an l es s n
additional pigm t pre t.  
The ey s were investigated i  sever l r as: the y l sh line h e i  fol , d the
inner corn r. Th eyelash ey l d li s were r lly r wi h l ck or a i ut  
brown p ment, pr bably of org n c origin a d rti lly f d d. A secon , da ke lin  v-
r d t e first one and w s m de of carb  bl ck a d w t l oks l k  organic brow p g-
ments (Figure 2a); on t e lat  portrait ,  econ line app a to b pplied o ly on the
eyelash li and no n the y lid fold (Figur 2b). The only xc tio  is E.117 88,
where the first lines ar tr c d with a red materia . Th  pre ence of eyel s s is shown 
only on the po tr i  of an unkn wn om n (P.8-1945), where do s are painted on the
lower eyelash l e (Fig re 2b . 
Hillia d wr e that t  outli s of the faci l featu s s l be d awn by f e p ncil
(to be unde to d a  a brush) ith a fa t rose c l ur mad of a lak  [15]; th s p bably
corresponds to th brown lines of o g nic origin s e  d ri g the a alyses. 
The eyes’ inner corne , when is ble, is p nt d i h a r d materi l, the composition 
of which varies for each mi iat re.  
Table 3. Mi iatures by Nich las Hilliard which h ve un ergo  technic l and scientific examina-
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obj cts that he paint n Fran  (P.154- 910, P.155-1910) and portr it n u know
n (E.1177-1988) studied in this rtic . It is c a cter sed by hig ly w k and fully
mo elled flesh ton s, ach ved y pplying ny l ye f pain . Th analys s how a
l ad whit  a d c rb  bl ck m t x s at r d r  p gme t pa ticl , typi ally hema-
tite and vermi ion. T  i  al  in a cor an  wi  he findi gs on portr t f n i III,
rec ntly discovered and sso at to Hilli d’s wo k i France [20]. I seco d g up
of objec s, cor s di g to h s sty istic c a ge ri g the 1580 , th flesh t n ppe r 
pal , t  a pr fe ence f r r  lead th  n r d compone t , alt o gh th  us  of red
lakes, now faded, c nnot b  rul ut. Y llow pigm nt , suc  as le d tin y ow and g e-
hite, r  lso id n fi , s ldom mix with azurit . 
The sult r e c be Tab 3 and c rr b r t wh t Hi l a d s ribed in hi
re tise. L ad whit nd red l ad w re ind ed m i ls h r co end d  u e for
the c r on; in the cas  of  pal c pl x on the s of th d mp n n , someti
mixe  with a small am u t f i ote (  te m that t th s p i  should be u e stood
as lea tin ye low [21,22]), was red c , whe eas f r a wa thy n , ma tic  and och
should be add d [15]. Similar x ures are a so escr b  by No gate, l hough h do
t menti  the use  mast cote [1]. Additi ally, sci tific aly es r v al d the presence
of ver ilion, which was discour ged by Hi and N ga e in ir re s  b wa
consisten l  pl y d in he f sh tones a alys d.   
Th volum f e mouth w s built up st rti g with tw ort brow es paint
at he cor ers (Fig e 1); v r ili th ai pigme t u d f r t  l ps u g t  Fr c
p riod, her as from h 1580s, pink l kes n  ed l d ar p ferred. The s pa ation li e
betw e  u p r a d low r lip consis e  of  ed lak . T r sults co f rmed t w
written by Hilliar  and Norgate, s the m erial  to be u d f  mouth were l k , red
l , a d a w ite i [1,15]. Ve m on was ide tified b  c n ific anal es s n
dd tional pigm  pr t.  
Th  ey s w r  investigated several r as: th  y l s  li , h eli f l , d he
i ner corn r. Th eyelash ey l d li s were er lly r e wi h lack or a i ut
b ow  pi ment, pr bably of ic o igi a d rti lly f d d. A s c n , da ke lin  c v
r d t e first one and w s m de of carb bl k a d w t l k l k o ganic br w pig-
m nt (F gure 2a); n t e lat  portrait ,  econ lin app ars to b ppl ed only on the
ey l sh li a d o n the eyelid fold (Figur 2b). The only xc tion is on E.117 88,
whe e th  first lines ar tr c d with red mate ia . The pres nce of ey las s is shown
only on the po tr i  of an unkn w  om n (P.8-1945), where do s are pai ted on the
lower ey l h l e (Fig re 2b . 
Hillia d wr e th t t  u l s of th faci l feat s s l be d wn by f e pencil
(to be unde to d a  a brush) i h a fa t rose c l u  de of a lak  [15]; th s pr bably
corresponds to th br wn lines of g ic origin s  d ri g th  analyses. 
The eyes’ i ner corne , wh n visible, is p nt d wit  a r d materi l, the composition 
of which varies for each mi iat re.  
Table 3. Mi iatur s by Nicholas Hilliard which h ve un ergon  techni l and scient fic examina-
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bj cts that he paint F an (P.154- 910, P.155-1910) and a portr it n u know
n (E.1177-1988) s udi d in th s r ic . It is c r t r sed by hig ly w k nd fully
mo elled flesh ton s, ach ved y pplying ny l ye of pain . Th nalys s how a
l ad whit a d c rb b ck m t x s at d r  pigm t pa icl , typ ally hema-
tite and verm on. T i  l o n a rdance wit  he findi gs on p rtr t f H n i III,
c ntly discov red and ss at to Hilli d’ wo k i France [20]. I seco d g up
of objec s, cor p i g to h s sty is ic c a g ri g the 1580 , flesh t n  appe r 
pal , t a pr fe nc  for r lea th   red c mpone t , a t o gh th  use of red
lakes, now fad , c nnot b  rul ut. Y llow pigm nt , suc  as le d tin y ow and g e-
hite,  s  id n fi , s ldom ix wit zurit . 
Th sult  r c b d Tab 3 and c rr b r t hat Hi l a d cribed in i
re tise. L ad whi nd red l ad w re inde d m i ls h r co end d t  u e for
the c r on; in the cas  of  pal c pl x on t e s of th mp n n , someti
mix  with a small am unt f i ote (a te m that t th s p i  ul be u erstood
a lea tin ye low [21,22]), wa  red c , whereas for a wa y n , ma tic t  and och
should be add d [15]. Similar x u es are so escr be  by No ga e, l hough h  do
t ment  th  use  m st cote [1]. Add ti ly, sci tific aly es r v al d the presence
of v r i i n, which wa discour ge by Hi i and N ga in heir re t s  bu wa
c nsisten l  pl y d in he f sh t nes a alys d.   
T volum f e mou  w s bu lt u st rting with tw  ort brown es paint d
at he cor ers (Fig re 1); v r il th ai pigme t us d f r t  l s u i g t  Fr nch
p rio , her as f om h  1580s, pink l kes n ed l d ar fe red. The s pa ation line
etw e  u r a d low r l p consis e  of e lak . Th r sults co f rmed t w
written by Hilliar and Norgate, s the m erial  to be u d f mouth were l ke, red
l , a d a w ite i [1,15]. V r on was ide tif ed b  sci ntific anal es as an
dd tional pigm  pr t.  
e ey s w r  investigated s v r l ar s: th  y l s  li s, h eli f l , d he
ner corn r. Th eyelash ey l li s were r lly ra e ith l ck or a i ut d
b w  p ment, pr bably of c o igi a d rti lly f d d. A s c nd, darke lin c v
r d t e first one nd w s m de of carb bl k a d w t l k k ganic br w pig-
m t (F gure 2a); n th  lat  portrait ,  secon lin app ars t b ppl ed only on the
ey l h li d o n the y li  fold (Figure 2b). The only xce tion is on E.117 88,
whe e th  first li es r  tr c d with red mat ial. Th  pres nce of ey lashes is shown
only on the po tr i  of an unkn w  om n (P.8-1945), wher d s are pai ted on the
lower ey l l e (Fig re 2b . 
Hillia d wr te th t t  u l s of th faci l f at s sh l  be d wn by a f e p ncil
(to be unde to d a  a brush) i h a fa t ose col u  de f a lak  [15]; th s p bably
correspo ds t  th br w lines of g ic orig n s  d ri g th  analyses.  
The eyes’ i ner corn , wh n is ble, is painted wi  a red mater al, the composition 
f which varies for eac  mi iat re.  
Ta le 3. Mi iatur s by Nich las Hilliard which h ve un ergo  techni al and scient fic examina-
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bj cts th t he paint F an (P.154-1910, P.155-1910) an portr it n u know
(E.1177-1988) s udi d in th s r icle. It is c r t r sed by ig ly w k nd fully
mo elled flesh on , ac v d by pplying many l y s f pain . Th nalys s show d a
l ad wh t a d c rb b ck m t x s at ed r  p gm t pa icl , typ ally hema-
ti e verm l o . T i  l  a r anc wi  he findi gs on a p rtr it f Hen i III,
c ntly discov red a d ss at to Hilli d’ wo k i  France [20]. I  th second group
of obj c s, cor i to h s tylis ic cha g ri g t e 1580 , flesh t n ppe r 
pal , t a pr fe nc f  r lea s th  a  r d c mponent , a t gh th  use of red
lak s, now fa , cann t b  ruled ut. Y l ow pigment , suc  a le d tin y ow and goe-
hite,  s  id n fi , s ld m ix wit zurit .
Th sult  r e c i Tabl 3 and c rr b rat  ha Hill a d cribed in i
r tise. Lead whi nd red l ad w  inde d i ls h  r co end d t  u e for
the c r ion; in t  cas  f  pal c pl xion t e s of th re mp n n , someti
x  wi h mall a ou t f s i ote (a te m t at t th s p ri  ul be u erstood
a lea tin y llo  [21,22]), w  red c , whe s for wa y n , ma ticot  and ochr
should be a d d [15]. Simil r xtu s are so escr be  by No ga e, lthough h do
t m nt  th  us   m st co e [1]. Add ti ly, sci tific naly es r v al d the presence
of v r i i n, which wa discour e by Hi li and N ga in heir re t s  bu wa
c nsiste l  pl y d in he f sh t nes analy d.   
T vol m f ou was bu lt u st rti g wit  tw  s ort brown i es paint
at he c r ers (Fig e 1); v rmil the ai pig n us d f t  li s uri g t e Fr nc
p io , hereas f om h 1580s, pink l k n r d l d ar fe red. The pa ation li e
etw e  u er a d low r l p consist  of a e l ke. The results co f rmed w t w
written by Hilliar and N rgate, s the ma erial  to be u ed f e mouth were lak , red
l , a d a w ite p g [1,15]. V o  was ide tif e  b  sci ntific anal ses as an
dd tional pigm  pr t.  
e eyes w r  investig t d s v r l r s: the ey s  li s, th eli f l , nd he
ner corn r. Th eyelash e l i s were ge r lly r  i h  bl ck or a di ute  
b w  pi ent, pr ba ly of c o igi a d rti lly fad d. A s cond, darke lin c v
r d first one nd w s m de of carbo bla k a d wh t l k k ganic brow pig-
m t (F gure 2a); n  lat  portr it , t  s con li app ars t b pplied only on the
ey la h li d o n the y li  fold (Figur  2b). Th  only xce ti n is on E.1178-1988,
whe e th first li es ar tr c d with r d mat rial. Th res ce of ey las s is shown
only o  the po tr i  of an nkn w  om n (P.8-1945), wher d s are pai ted on the
lower ey l (Fig re 2b . 
Hillia d wr e th t t  u l s of th f ci l f t es sh ul be d awn by a f ne p ncil
(to be u der to d a  a brush) wi h a a t ose col ur de f a lak  [15]; th s p bably
corr po ds t  the br w lines of g ic orig n s  d ri g th  analyses.  
T e eyes’ i ner corn r, wh n is ble, is p int d wi h a red mater al, the composition 
f which varies for eac  mi iat re.  
Ta le 3. Miniatur s by Nich l s Hilliard which have un ergo  techni al and scient fic examina-
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bj ct  th t he ai t  F a ce (P.154-1910, P.155-1910) an portr it f an u known
(E.1177-1988) s udi  t s rt c e. It i c r t r sed by hig ly w rk nd fully
mode le fl h on s, ac ev d b a p ying ny laye s f pain . The nalyses showed a
 hit and c b  b ck m tr x sc d r d igm t par icles, typ ally hema-
t e an  ve m lio . T is l o i c d c wit  h  findi gs on a p rtr it f Hen i III,
rec ntly is ov r d a d soc at t  Hilliard’ w k i France [20]. I  the second group
of obj c s, r p in hi tylis ic cha ge d ri g the 1580s,  flesh t n  appear
pal , th a pr fer c fo  r l d as th ma re  c mponent , although the use of red 
k s, no f d , n t b ruled ou . Y l ow pigment , suc  a lead tin y llow and goe-
h e,  ls  d ntifi , l m ix d wit  z rite.
Th r ult r c i d i  Tabl 3 a  c rr borat what Hilliard d cribed in hi
r atis . L a w i an r d l a w  i d  m terials h  r co mended to u e for
the c rn ion; in t  cas f  pal c pl xi n t use of th re  mponen , sometim
x wi m ll a unt of a ti te (a m t a at this p ri d sh ul be u erstood
a lea n ye l [21,22]), w  r uc , wher s f r  wa y ne, masticot  and ochr
shou  b  d [15]. Sim l mix r are so escribed by Norga e, lthough h  doe
t m nt  the use o m st co e [ ]. Additio ally, sci tific analyses r veal d the presence
of v r i n, which a disc ura ed by H li a d N ga  in their tre t s s but was
c n i te tly e pl y d in he f sh tones a alysed.   
T vol m o th ou s uilt up s rting wit  tw  s ort brown li es painted
t h c r s (Figure 1); v rmili th mai pig  us d f r t e li s duri g the French
p io , wh a f om  1580 , pi k l ke nd r d l d ar p fe red. The s paration line
etw  u p r a  low r lip con i t d of a  l k . Thes  sults confirmed what w s
writt n by H ll ar a d N rga e, s the mat a s to b  u ed for the mouth were lake, red
a , a d a whit  pigm [1,15]. V rmi o  wa i e tif e  b  scientific analyses as an
additional pigm t pr t.  
ey s w i v s ig ted s v ral ar as: the ey ash li s, the yelid f l , and he
n r c r . Th ey ash and e el line  were ge rally rac  ith a black r a diluted 
b wn i men , pr bably of igi a d arti lly f d d. A s cond, darke  line cov
r d t e fi t one nd w s mad  of c bo bl k a d what l ok k rganic brown pig-
m ( r a ;  h at  or r it , the s cond lin app ars t be applied only on the
ey h lin nd o n the yeli  f ld (Figure 2b). Th  only xce tion is on E.1178-1988,
w ere th  first l are t ac d wi   r d m t rial. The prese ce of ey lashes is shown
only o  the po trai  of an nkn w om  (P.8-1945), wher  dots are pai ted on the
lower ey l l e (Figure 2b .
H llia d wr t  th t t  outl s th f cia  fea es should be drawn by a fine pencil
(to b  u er too  a  a brush) with a aint o e c lour de f a lake [15]; th s pr bably
c r po d  t the br w lines of o g nic o ig  s en during the analyses.  
T e eyes’ inn  corn r, hen visible, is painted with a red material, the composition 
of which varies for eac  miniature.  
T ble 3. Mi iatur s by N holas Hilliard which have un ergone technical and scientific examina-














































 Lead white         
Vermilion         
Hematite        
Red lead         
Lead tin yellow I        
Red lead
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obj cts that he p int  n F a (P.154- 910, P.155-1910) an  portr i f  u know
n (E.1177-1988) stu ied in th rtic . I i ch te sed by ig ly w k  fully
mo ell d fl sh one , ach ved y pplying ny l yer of pa . Th alys s ow a
l ad wh t a d c rb bl ck m t x s at r d re pi me pa icl , ty ly hem -
tit ve m ion. T  is al o in a danc  wit   findi g  on p rt f H n i III,
re tly discov red d sso at to Hil iard’ wo k France [20]. I s co d g up
of obj c s, cor spo ng to his sty istic c a g  ri g t e 1580s, flesh t n  appe r
pal , t  a pr fe nc  for r  lead t e n d compo e , a th ugh th us  f e
lakes, now f , c n ot b  rul  ou . Y llow pigm n s, suc as le d tin y ow a  g -
ite,  lso id ntifie , s ld m mix d with zurit .
The r sult  re e c b i  Tab 3 nd c rr b t wha  Hi lia c ibe in hi
reatise. L ad whit nd red l d w in e d te i ls c e d d t  u e for
t e c rn n; in t e cas of  p l  co plex on t e s of the e mp nen , s m tim
mix  w th  s all am n ti te (  m th t t th p i houl be u r tood
as lea tin y low [21,22]), wa  re c , where for a sw hy ne, m tic  and och
should be ad d [15]. Simil r x ur s are a so escr be by No ga e, l hough h  do
t m nt  t e us o  ast cot  [1]. Additio ally, scient fic aly es r v al d th  prese ce
of ver i ion, which wa  di cour ged by H i nd N ga e n hei tr t s  but wa
c nsisten ly e l y d in e f sh tones an lys d.   
Th volum  of ou  w s built up st rti g with tw r  brown p int d
at he co ers (Fig e 1); v ili  the ai pigme t f r  l s u i g t  Fr nch
p riod, her s f om  1580s, p nk l k a d ed l d r p e r . Th s paratio li e
etw e  u r a d low r li consis ed of ed lak . Th s r sults confirmed t w
wr tten by Hilliard n N g t , th  m teria o b  u for th mouth w re k , re
l a , d a white i [1,15]. V rm io  wa e tified b sc ent fic anal es as an
additional pigm t p t.  
 ey s r  investiga  s v r l r as: th  y l sh li s, h yelid f l , d he
nner corn r. Th eyelash  ey d i s w r lly ra wi h lack r i u d
b w  pi e t, pr ba ly f o ga ic o igi a p rti lly f d d. A s c d, dark li c v
r d fir t one nd w s of rb n bl k a d w a k k rganic br w pig-
ment (F g re 2 ); n the l t  p rtrait ,  ec l app a s t b appl ed only  
ey la h i nd o n the eyeli  fold (Figur  2b). The only xce ti n is on E.117 88,
where th first i es are tr d wi h red mate i l. Th resenc f ey lashes is shown
only on th  p tr i of an unkn wn m n (P.8-1945), w r  do s are pai t d n the
l w r eye ne (Figure 2 . 
H llia d wr t  th t t ut of faci l fe t s s l  be w by a f e pencil
(to b  u de to d  a brush) ith a fa t ros col u  de of a lak  [15]; th s pr bably
correspo ds t  th  br w lines of org nic orig n s  d ring the analyses.  
T e eyes’ inner corn , when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Mi iatur s by Nichol s Hilliard which h ve un ergone technical and scientific examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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bj ts that he p int  F a (P.154-1910, P.155-1910) an portr it a  unknow  
m n (E.1177-1988) s u i d in t r cle. I i c r t sed by ighly w k nd fully
modell d fl sh on , ac v d by pplying many laye s of pa . The alyses s ow d a
l d wh e a d c rb b ack ma x s a ed w  r pigm t pa icl s, ty ly hem -
ti ve m l on. T i  l n c or nc wi  e findings on a p rtr i  f H nri III,
t y discov red d sso at to Hil i d’ work Franc [20]. I  th  seco d gr up
of obj c s, corr n to hi tylis ic cha g ri g t e 1580s, flesh to s ppear 
pal , w t  pr fe c  f  r l a  s th   compo en , a th ugh the use of e
lak s, no  f , c n t b  rule  ut. Y ll w pigm n s, such a lead tin ye ow a  goe-
ite,  s  id n fi , s ld m ix wit zuri .
Th r sul  r escrib Tabl  3 n  c r b at wha  Hillia  cribe in his
treati e. Lead whi nd red l d w i e d t ri ls r c me d d t  u e for
t e carn t n; in t  cas  f  p l c plexi t se of th e  ponen , som ti
xe w t all mo i te ( m t t t thi p rio h ul be und r tood
lead tin y llow [21,22]), wa  re uc d, w r s f r a w y on , m tico  and ochr
sh ul  be a e [15]. Sim l r ixtu s are lso escr be by No ga e, although he do s 
t m nt  e s o  st cot  [1]. Add tio ly, sci t fic a alyses revealed th prese ce
of ver i i , which wa i co rage by H lliard nd N ga n hei r tis  bu wa
c nsi te ly em l ye in e fl sh tones an lys d.   
T volum  of ou w s bu lt u s rting wit  tw or  brown li e p inte
at th  c rs (Fig e 1); ve mil n is th ain pig nt e f r t  li s uri g the Fr nc
pe io , he s f m t 1580 , p nk l k s a d r d l ad r e r . Th  pa atio  li e
etw  u r a d low r li  consist  of a d l k . Thes  sults co f rmed w t wa  
wr tt n by Hilli r N g a th ma r a o b  u e for the mouth were lak , re
l ad, nd a white p g t [1,15]. V m l o  wa e tif e b sc ntific analyses as an
additional pigm t p s t.  
 ey s re inves ig s v r l reas: the eye sh li es, h  eli  fol , d the 
nn c n r. Th y ash  ey i in  w gen r ll  tr c  i h  bl ck r a dilu e
b w  p t, pr ba ly f g c igi a arti lly fad d. A s c d, darker lin c v-
e d fi t one nd was of rb n bl ck d wh t k k rganic brow pig-
m t  ( i re ;   t  p r raits, t  s co li e appea s t  b applied only 
y l h i e nd ot on the eyeli  fold (Figure 2b). Th  only xce ti n is on E.1178-1988, 
where th firs i es r tr ed wi  red m t ri l. Th r senc f eyelas s is shown
only on  p rtr it of n nkn wn woman (P.8-1945), w r do s are pai ted n the
lower ey  (Fig r  2 ). 
H llia d wr that u f e f ci l f ures s ul be awn by a fine pencil
(t  b  de sto d  a brush) with a fai t ose col ur de f a lak  [15]; th s probably 
correspo d  t  the brow lines of o g nic o ig n s n during the analyses.  
The eyes’ inner corn r, when visible, is p int d with a red mater al, the composition 
f which varies for eac  miniat re.  
T le 3. Mi iatures by Nichol s Hilliard which have undergon  technical and scientific examina-














































 Lead white         
Vermilion        
Hematite         
Red lead         
Lead tin yellow I        
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bje ts that he p int  Fra  (P.154-1910, P.155-1910) an portr it of an unknown
m (E.1177-1988) stu i d i thi rt cle. I i c ra t sed by ighly wo ked and fully
mo ell d fl sh on , ac v d p ying ny laye s f pa t. Th  alyses ow d a
l d h  a d c rb b ck m tr x s a ed wit  r igm t pa ticl s, ty i ly hem -
t ve m io . Th s is lso i rd nc wit   findings on portr i  f H nri III,
re t y discov r d d ass iat t Hil iard’ w rk Franc [20]. I  th seco d gr up
f obj c s, rr sp n o h s tylis ic chang duri g t e 1580 , th flesh t nes appear 
pal , it   pr fe c fo  r l ad s th   compo e , a t gh the use of ed
lak s, no  f , c n t b  rul  ut. Y ll w pigm n , suc  a lead tin y ow a  goe-
ite, w  ls  identified, l m ix w t  az ri .
Th sul r e c in Tab  3 n  c r b at wha  Hi lia  e cribed in hi
tr ti . L ad w i nd red l w i d th te i ls r co me d d to u e for
t e c r t n; in t case f  p l c mpl x n t use of th re  comp nent, som tim
xed w t ll n sti te (a t m t t t thi peri h uld be under tood
lea  n y lo  [21,22]), w s uc , w r s f r w r y one, m tico e and ochr
sh u  be a e [15]. Sim l r ix ur s are so escr be by No gate, although he do
n t m nti  e s f s co  [1]. Additio ally, sci t fic alyses revealed th  prese ce
of vermili , which as co r ed by H lli d d Norga in hei tr at ses but wa
c n i t em loy in he f sh tones an y d.  
T vol m  outh w s built up s rting wit  tw or  brown lin p inted
at h c rs (Fig e 1); v ilio th ai pig for t  lips u ing t  Fr nch
pe io , h fr m t 1580 , p k lak s a r d l d r  p err . Th  s paratio  line
betw  u r a low r li  consist  of a  l k . The  sults c nfirmed w t w
wr tt n by Hill r N g th mat r a o b  us f r  mouth were lake, re
le d, nd a white i t [1,15]. V rm o  wa i entif e by sc entific analyses as an
dd tional pigm  p t.  
T  ey s e inves ig t i sever l ar as: the y s  lin s, h  yelid fol , d the 
i n c n r. Th y ash  e e i in  we e r ll  rac  ith black r a ilu d
br w p t, pr ba ly f igi a rtially f d d. A sec d, darke  lin c v-
d fi t one and w s of rb n bl ck d what ks lik o ganic brow pig-
ts ( i r ;  h  t p r r i , the s con li e app a s to b applied only  
y l sh i d no n the y lid fold (Figure 2b). Th  only xce ti n is on E.1178-1988,
whe e th fi s ines re tr ed wi  r d m t ri l. Th r s c f eyelashes is shown
only o   p tr i of n nkn w om n (P.8-1945), w r  do s are painted n the
l wer ey h (Fig r  2 .
H llia d wr t that u i f f ci l fe r s s l  be d aw  by a f ne pencil
(to b  de to d  a brush) i h a aint ose c l ur made f a lak  [15]; th s pr bably
corr pond  to th brown lines of g ic o igi  se n duri g th analyses.  
The eyes’ i ner corn , h n visible, is painted with a red material, the composition 
of which varies for eac  miniature.  
T ble 3. Mi iatures by Nichol s Hilliard which h ve undergone techni al and scient fic examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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obj ts th t he p int  n Fra c  (P.154-1910, P.155-1910) an portr it f an u known
n (E.1177-1988) s u i i t s r c e. I  i c r cte sed by hig ly work d and fully
mo e l d fl sh on s, ac ev d b  p ying ny layers of pai . Th  a alyses showed a
d hi  and c b bl ck m tr x sca red r d igme t particles, ty i lly hem -
t a  ve m lion. T s is al o  d nc wit   findi gs on a portr it f H n i III,
t y iscov r a d ssoc t  t Hil i rd’ w k Franc [20]. In the second group
of obj c s, r p n o h tylistic cha ge d ri g the 1580 , the flesh t n  appear
pal , th  pr fe c fo  r l d s th  m e  compo en , a t o gh the use of red
l k s, no f d , can t b  rul  u . Y ll w pigm n , suc  a lead tin y llow and goe-
ite, r  s  d ntifie , l m mixe w t  az ri e.
T e ul r e c ib d i  Tabl 3 n  c r ob at what Hilliar  cribed in hi
re ti . L a w i nd red l w  i d  m te i ls reco mend d to u e for
t e c r t on; in t c s f  p l c mpl xi n t use of the red mp nent, som tim
ixe t ll m un f i ote (a m t  t thi p ri d hould be u er tood
s lea n e l w [21,22]), wa uc , w r s f r a w thy ne, m tico  and ochr
h u  b [15]. Sim l mixtu s are a so escribed by Norgate, lthough h  doe
t m nti  e se  mas cote [1]. Ad tio ly, sci t fic a alyses r veal d th  presence
of ver lio , which as c r ge by H li a d N ga in their tre t s s but was
c n i t l y in he f sh to es an ys d.   
volum outh w s u lt up s rting wit  tw hor  brown lin p inted
at h c s (Figu e 1); v mil th ai pig t f r the lips uring t e French
p io , wh a fr m t 1580 , p k l ke r d l ad ar erred. Th  s paration line
betw  u r a low r lip con ist of a  l k . The  sults confirmed what w s
wr tt n by H ll r No g t mat a o b  use f r e mouth were lake, red
, d a white pig [1,15]. V rmi on wa i e tifie b sc entific analyses as an
dd tional pigm  p t.  
T  ey s inves ig te s v r l ar as: the ey s  li es, th yelid f ld, a d he
i n c r. Th y ash nd e l line  we ge r ll  raced with  black r a dilu ed
b w p m t, pr bably of igi a d arti lly f d d. A s c d, darke  line cov
d fi t one and w   f c bo bl k d wh t l k lik o ganic brown pig-
e ( r ; h t  p r rai s the s cond li e app a s to be applied only  
y sh lin d o n the y lid f ld (Figure 2b). Th  only xce tion is on E.1178-1988,
w ere t  fi s l nes re t d wi   r d m t ri l. Th  pr s nc of ey lashes is shown
only on  p trai of n nk w om  (P.8-1945), w r  do s are pai ted n the
l wer ey l (Fig r  2b .
H llia d wr th t h ou f  f ci l f a es s ould be d aw  by a f ne pencil
(to b  e tood as a brush) wi h a faint ro e c lour de of a lake [15]; th s pr bably
c respond  to the br wn lines of ga ic o igi  s en duri g th analyses.  
The eyes’ i ner corner, wh n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mi iatur s by Nicholas Hilliard which have un ergon  techni al and scient fic examina-














































 Lead white         
Vermilion        
Hematite         
Red lead         
Lead tin yellow I        
Lead tin yellow I
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bj ts that e p t  F a e (P.154-1910, P.155-1910) po trai f an u known
n (E.1177-1988) stu i tic e. I is c r t sed by ig ly w k nd fully
m elled f sh ones, ac ev d y p ying m ny l ye  of a t. T nalys s ow d a
d i d c rb n b ack matrix s at ed r igm t pa icl s, typ ca ly hem -
ti d ve m n. Th s is lso n c ord n w t  findi gs o   p rtr i  of H n i III,
re t y scov red  s o at Hil iard’ w k Franc [20]. I  th  seco d gr up
f objec s, c p n  to his tylis ic ch nge uri g h 1580s, fl sh tone  appear
pal , it  pr f nc  fo  r le  s t  co po e , lthough the use of ed
l k s, no f d , c ot b rul ut. Y ll w pigm n , such a lead tin y ow a  go -
te, w  lso denti ie , eld m ixe wit  z rit .
Th r ults esc b d i Tab 3 nd c r b ra  w t Hi lia  escribed in hi
re ti . L w i nd r d l a w i d m teri l r c me d d to use for
car ; i t ca f  pal co l x n t use f th re  compon n , som tim
x d w t a mall m nt s te ( m t t t his pe i h ul be u er tood
l a ow [21,22]), wa r c d, w r s f r a w r y ne, m tico e and ochr
sh uld be a d [15]. Si la x r are lso escr be by Norga e, lthough h doe
m nt  he s f st cote [1]. Ad itio ally, sc ent fic alyses r veal d th  pres e
of v r i , wh ch isc ag d by H li  d Norga in hei t atises but wa
c nsi te ly l ye in the fl sh tones a ly d.  
T volum  f th u w ui t up st rting wi tw or brown li s p int
at th  c r rs (F g r  1); v il on is h in pig nt f r  li s u g t Fr nch
p io , h e f m t 1580s, p nk lakes d r d l ad r  p fe r . The s paratio  line
tw u p a lo l  co sist  of a ed l k . Thes su ts c nfirm d w t wa
wr tt n by H i rd and No g a th materials o b u f r th  mouth were lake, r
e , d white i [1,15]. V rm l o  wa i enti e b sc entific analyses as an
additional pigm t p es t.  
 y s w  i ves ig t in sever l ar as: t  y sh lin s, h ye d fol , 
n c . T e y lash ye lin  we e ll  trace  ith black r a ilu d
br w p t, r b b y f o g c g a rtially f d d. A sec d, dark  lin c v
e d th  fi st e nd w s f rb n bl k d what oks k rganic brow pig-
m t  (F g re 2a);  h l t  portraits, the s con li e appea s t  b applied only  
yela  e and o on y li  fol (Figure 2b). Th onl exce tio  s on E.1178-1988,
wher th  fi s i s re r ed wi  a red m t i l. The pr senc f ey lash is shown
only n  p tr it f  nk w m  (P.8-1945), w er  dots are p inted n the
lower ey a i e (F g r 2 ).
Hillia d wr t th t ou li es f e f ci l fea s s l  be d awn by a fine pencil
(to be e sto d  a brush) ith a faint ose c l ur m de f a lak  [15]; th s probably 
correspo d  t  th br w lines of org nic o ig n s en during the analyses.  
The eyes’ inner corn , when visible, is painted with a red material, the composition 
of which varies for eac  miniature.  
Table 3. Mi iatur s by Nicholas Hilliard which h ve un ergone technical and scientific examina-














































 L ad white    
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Goethite ?
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bj ts th e p inted Fr e (P.154-1910, P.155-1910) a p tr it an unknow
m (E.1177-1988) stu  this ticle. I c r t ed by ig ly wo k d and fully
m del d f h n s a h ve y pplying m ny y of t. T  alys s howed a
ad whi  c rb n b k m t ix scat ed w r pa i l ty i ll hema
it v m i n. Th s i lso n ac or n wit e findings o portrait f Henri III,
e t y iscov ed an ass iat Hillia d’ w rk Franc [20]. In the econ gr up
of obj c s, corr sp n i g o his stylis ic h ng uri g the 1580s, th fl sh t nes appea
pal , it  pr f r n e o  r le d s th  m in re  co po , lt ugh he us  f re
l k s, no  f e , c n t b ul  ut. Y ll w igm n s, suc  a le d tin y w and g e-
hit , w  lso id n ied, s ld ix  it azuri . 
Th r sults r  de c b d Tab 3 nd c r b w t Hi lia  cribe in hi
re ti . L a whi nd r d w  ee th m ri l  r c mm n d t  u  for
h rn t on; i t c se f a p l complex on of t e compo n , some i
m x w t a s a l m u t of ma cot  (  m t t hi pe i h uld be und rstood
 l ad tin ow [21,22]), wa  r duc , w a  for a r y one, m tico  and ochr
sh uld be ad e [15]. S la x re a so e cr b by Norgate, althoug  he do
n t m nt he s f m st cote [1]. A dition ly, sc nt fic lyse r veal the presenc
of v rmili , h ch was i c g d by Hilli d an N rgat n h i  r at s  bu
c ns te ly m l y t e f h o s analy d.
T volu f the m uth w s ui t u st rt ng wi tw shor rown lin p i ted
t he co rs (F g  1); ver il o  th main pigment u d for  lips u ng t Fr nch
p riod, h r a  fr m t 1580 , p nk lak s a d d l a  are pr rre . Th epa ation lin
b tw  up a o l p consist  of  r la . Th s u s c nf rm d w  w
wr tt n y H lli n N g t , as th  m erials o b us  f th  m uth were ak , r  
lea , d a w ite i t [1,15]. V m  a  entif ed sc ntific analyse  as an
add ional p gm t p e t.  
T  ey s er inves ig d in sev r l r s: t  ye sh lin s, h  eli fol , the
n r c r. T y las ey i li s w e ll  ac d it  a bl ck or a iluted
br w p m t, pr bab y o  orga c orig n d r i lly f d d. A sec nd, ark lin  c v-
d t  fir t e and w s de of c rb n bl ck nd what l oks lik  organic brow pig-
m ts (F g re 2 ); o th  l t p r raits, t  seco li ap rs to b applied o y n the
y lash li and no n the eyelid f l (Figure 2b). Th o exce tio  on E.1 78-1988,
where  fi s li e r  r d wi h red mat l. T e pr sen  f eyelash s i shown 
only n e po tr i f  nk w w m n (P.8-1945), w er do s re p inted n th
lower ey (F g 2b . 
H llia d wr te that e ou i of e faci l featur s s l  be rawn by a fine pencil 
(to b  unde to d a  a brush) ith a fai t ose col ur made f a lak  [15]; th s pr bably
corresponds to th brown lines of org nic origin s en during the analyses.  
The eyes’ inner corne , when visible, is painted with a red material, the composition 
of w ich vari s for eac  miniat re.  
Table 3. Mi iatures by Nicholas Hilliard which h ve undergone technical and scientific examina-














































 Lead white        
V rmilion         
Hematite         
Red lead         
Lead tin yellow I        
Azurite
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bje t  tha  p inte n Fr e (P.154-1910, P.155-1910) n a p tr it f an u know
a (E.1177-1988) stu  t i rt cl . I  c r t by ighly wo k d and ully
m el f h n s  a eve by pp ying man yer of t. T nalys s ow d a 
lead w it d c rb n bl ck matrix sc t ed r pa i l typic l  hem -
tit d v mi on. Thi  is lso ac rdan w th e find gs a portr  of H n III,
re tly iscovered s t  Hil iar ’ wo k Franc [20]. In th  c  gr up
of bjec s, cor spo ng his s ylis ic hang  uring the 1580s, th fl sh ton  appear
pal , it  a pr f nc for r le d s  m i  c po n , a t gh  s  f e
l k s, now f e , c n  b  u e  ut. Yell igm nt , su  le d ti y w a  g -
ite, w r  l dent i , mixe  wi zurit . 
Th r sults r s ib in Tab 3 d c b ra  w t Hillia cribe in hi
re ti . Le nd d w re n e m te ials  r c m d d t  se for
arn ; in t c se f pal  complexion h of t red compo nt, som tim
m x  t a sm l amount  ma t t ( e m a  t s e i h uld be u r too
s l a ti  l ow [21,22]), wa  r uc , w ea for a rthy ne, m tico e and ochr
s ul be ad d [15]. S l r x ur  ar also cr be by No gate, lthoug h  oes
m t th u f t cote [1]. A ition ly, sc nt fic n lys r veal th  p es ce
of vermili , h ch w i c g d by H l r n N rgat n h i tr atis  but wa
c ns ste ly l y d n t f e h ones a ly d. 
T volu  f th m uth w s ui t up st rt ng wi tw or rown lin s p i ted
t th  cor er (F g  1); v mil o is h in pigment r t  lips uring th  Fr nch
p riod, h r s from t 1580 , p nk lakes nd l ad r  p f rr . The p tio  line
t  u p ow li consist  of la e. Th se u s nfirm  wh wa
w tten y H lli rd an  No g t , a th  mat rials o b use f the m uth were l ke, r
lea , d w ite p gm [1,15]. V rm li  tifi y sc en ific a lyse  as an
additional p gm t p s t.  
T e y s w r i v s g d in sev l r s: the y lin , id l , d he
n r c r . Th  y las  ye d li s r ge r lly tr c d wit black  a ilu ed
br w pig t, pr bably  orga ic o ig p r ially f ded. A sec d, ark  lin c v
r the fi st o nd was f rbon bl k and at ook  lik organic brow pig-
m nt (F g r 2a); n he t r p its, t seco li p s to ap lied n y  
ey la  i e d t o t  ey l d f l (F gur 2b). Th o  exceptio  o  E.1 78-1988,
wh re  fi st i s r r ed w h d m t l. T e prese  f ey l sh s i show
nly n th p rtr it of a unk wn wo  (P.8-1945), w er dots are painted n th
l w r ey a i  (F g 2 ). 
illia d r t  th t t outli es of e faci l feat es s oul  be awn by a fine pencil
(to be unde stood s a brush) with a faint rose colour made of a lak  [15]; th s probably 
corresponds to the br wn lines of org nic origin s en during the analyses.  
The eyes’ in r corner, when visibl , is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatur s by Nicholas Hilliard which have un ergone technical and scientific examina-














































 Lead white         
V rmilion         
Hematite         
Red lead         
Lead tin yellow I        Li
ps
Red lead
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bj ts th  p inted n Fr  (P.154-1910, P.155-1910) d a t it of an known 
ma  (E.1177-1988) st d i  cl . It i  ch a ri by ighly wo k d and ully
model  fl h t n s, hi v y p lying ma y yer  of p t. T  analys s how d a 
ead whit d a on bl ck mat ix ca w th r pigment pa le , typic lly hem
 v rmi n. Thi  is lso i accor an  w th the f di gs p r t of H nr  III, 
ec tly scovered  ss i t   Hi l ard’s w rk i Franc [20]. In the c n  gr up 
of bjects, correspon ing  hi s ylis ic h ng  uring t  1580s, t e fl s n s p a  
pal , it   pr f r n e fo   le d s m i   c mp , l g  h  us  f re  
l k s, now f , c n  b u  t. Y ll ig n , such  l a t y w a d g -
, w r  lso de ti i d, s om mix d t az r .  
The r ults r sc b  i  Tab 3 an  c rob at  wh t H l d i i  hi  
re ti . L a  i  n red a  w  d th m i l   r c mm n  t   for
he arna i n; i t c s  pale c mplex n e u of t d c mpon nt, s me im  
mix w  a small am u  of ma cot  (  m h t a  is e io sh uld be und rstoo  
s l a  tin e o  [21,22]), wa  r duc d, w a  f r a s rthy on , ma cot  nd chr s 
s ul  be ad d [15]. Si lar ix s are a so d be by Norg te, l houg   
n me t h u e of ma ic te [1]. A iti n lly, sc nt fic ys  r v al th  p senc  
of ver ili n, hich as di cour g d by Hilli rd a Norg  n h i  tr atis s bu  
c ns sten ly pl y d i t e fl sh on s alys d.  
 volu  f h  m u h w s bui t up st  wi  tw  hort row lin  pain  
t the  (F g r  1); v i i is th m in pi m t u   ips u ng t  F nch 
ri d, h r s fr m the 1580 , ink l kes  red l a  are pr f rr . The s pa tion
t een upp r n  o  l p onsist  f  r  la . T s r u ts nfirm  w t wa
w it n by Hilli d an  N rgat , as the materi ls o b us  f  he m u h wer  ake, re  
ea , a  a w te t [1,15]. V m lio  s ntifi   sci n ific a ys  as an 
addi ional p gm t pr s t.  
T e y s we i v s g d in s v l r : ash lin ,  fol , n  
n r cor r. T e y lash yelid li s w r e lly t c d wit  bl ck o  a ilu d 
brown pigmen , prob b y o o ga ic rig p rti ly d. A sec nd, d rk  lin  c v-
r  he fi st e and s mad of arb n black a d  lo ks lik  rganic row pig-
m t  (F gu 2a); o  the later rt i ,  secon lin p rs to  ap l d n y n  
y la  li  and ot o  h  yel d f l (F gur  2 ). T e ly exc ion i o  E.1178-1988, 
wh r  fi st li s r  rac d w th m t . T e presen f eyel sh s is show
nly n th portr it f a unk ow w a  (P.8-1945), wher dots re p inted n 
lower ey l sh l  (Figu  2b). 
Hillia d wr te that t e outli es of he faci l featur s sh l  be rawn by a fine pencil 
(to be unde sto d a  a brush) ith a faint rose col ur made of a lak  [15]; th s probably 
corresponds to th  brown lines of org ni  origin seen duri g the analyses.  
The eyes’ inner corne , when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-














































 Lead white        
V rmilion         
Hematite         
Red lead         
Lead tin yellow I        
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bj t th  p inte n Fra (P.154-1910, P.155-1910) a a t i  f an known 
(E.1177-1988) st  t i  r icl . I is c r c i d by highly wo k d and fully
m el  fl h t n s  hi ve by applying man y r of p t. T  nalys s ow d a
l d hit  d  bl k m t ix scat e r pigm t par i l typi ly hema-
 v rm n. Th s is lso accor an  w th the find gs a p rtr  of H n  III, 
re tly d scove ed n  s at  t  Hi liard’s w k in Franc  [20]. In th  c d gr up 
of bj c s, c r spo ing  h s ylis ic h g  uri g e 1580 , t e flesh n  appear 
pal , ith  pr f nce or e  le d s  m i   c p n n , al o gh  s  f ed 
l kes, now f , c n be u  t. Yell igm nt , su  le t y ll w a  g -
h e, w r  lso de ti i , m mix d w azur .  
The ult  r c b  Tab 3 n  c r b a  wh t Hill ard cribed in hi  
re ti . Lea w an r d  w  e d  m t ial   r co m d d t  u e for
th r i ; i t c s   a pal  c mpl xi n e u of t e ed compon nt, s m im
m x  i  a small am u t m st t  (  t rm s e i sh uld be u erstoo  
l a  tin l o  [21,22]), wa  c , w a  for a rthy n , ma cote nd chr  
s oul  be add d [15]. Si l xt s are a so ibe by No gate, lthoug e  
n ment h  u e f c te [1]. A iti n lly, sc ntific n lys  r v al th  p s e 
of v r ili , hich as di co r g d by Hi li   N rg in th i at s  but w  
c ns stentl  e pl y d i th  f esh ones a ly ed. 
volu  f e m u h w s ui t up st g wi tw  ort row lin s pai  
t h  s (F gu  1); v mi io  h i pi m nt u  h  ips ur g t Fr nch 
ri d, wh r s fr m t 1580 , pink l kes  r d l a  re p f rr . The p ratio  li e
b tw n upp r  o  l  consist  f   la e. T e r ults nfirm  wha  w s
w itt n by Hilli d an  Norgat , s the m t ria o b us d f  e m u h were ke, r  
e , a a w te p gm  [1,15]. V m i n ti i  scien ific a lys  as an 
dd ional p gm  p e t.  
T  ey s we i v st gat d in sev ral r s: t  y la lin ,  y d old,  
ner cor r. T ey las  nd ye d li s r  ge lly r c d wit  a black o  a iluted
b ow pi m n , pr b b y  o a ic igi parti ly d. A sec nd, dark  line cov
r e fi st d s mad of rb n bla k and  o k  lik ganic rown pig-
m t  (F gu 2a); on he t r p it , t e seco li p s to ap l ed n y on th
y l  n d o  yel d f l (F gur  2b). Th  o l  xcep io  o  E.1178-1988, 
wh r  fi st ines r  raced w th  ed m t l. T e pr s e f ey l sh  is shown
nly n th po trai f a unk ow  w  (P.8-1945), where dots are p inted on th
lower ey lash li (F gu  2 . 
illiard rot  th t th u li es of faci l feat es should be draw  by a f ne pencil
(to be under tood s a brush) wi h a faint rose colour made of a lake [15]; this pr bably
corresponds to the br wn lines of ga ic origin s en duri g th  analyses.  
The eyes’ i ner corner, wh n visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have un ergone techni al and scient fic examina-














































 L ad white    
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
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bj t  th  i t d n F c (P.154-1910, P.155-1910) d a t i f an nknow  
m  (E.1177-1988) st i t s r icl . I  c r i d by ighly w rk nd ully
m del  f h t s, ch ve by pplying man y r  of ain . T  nalys s showed a
e  whit nd n bl k mat x scat re wit r  par icle , typicall  hem -
 v rmil n. T i  is al o i accordanc  w t  t e find gs a p rtr it of H nri III, 
tly scove ed  s t d  Hi i r ’ w rk in Franc [20]. I  th  s con  group 
of obj cts, corre pon ng to h s s ylis ic ch g  ri g e 1580 , t e fl sh n s appear 
pal , t  pr f nc  or  l d   mai  e  c p n n , al gh t e s  f re  
l k s, now f , c t be  t. Yell w pigm n , su  a  l  tin y llow and g -
e, r  l ide t i , m mix wi zur . 
Th  e ult r es ib d Tab  3 n  c b ate w t Hill ard cribed in hi
tr ti . Lea   an ed  w r  n e m t ial  rec mend d to se for
ar a i ; i h c s   a pal  c pl xi n e u of th  po n , s m tim  
m x   a s l am u t f mas cot (  m h t a  s p iod h ul be under too  
l a  tin l o  [21,22]), wa  uc , whe as for a hy on , ma co  nd chr  
sh ul  be add d [15]. S l  mixt s are also s ibed by No ga e, althoug e doe  
me t o h u e  m ic te [1]. A ti ly, sci nt fic an lys s r v al d th  p es e 
of v r i i , which a isc g by H lli d  N g in their t eatis s but w  
c ns ste l  pl y d n th  flesh ones a lysed.  
volu  f e m u w s bu t up st g wi  tw  hort brow li s p in  
at the  (F gu  1); v mi is h  i pi m t  he i s ur g t French 
i d, wh r a  fr m 1580 , p n  kes  d l a  ar f r . The s p tion line
t e u  o  l p co sist  f  red la e. T su ts nfirm d what was
w itt n y H lli nd Norg t ,  th  m teria o b  u d f e m u h were ke, r  
d, an  a te p g t [1,15]. V m lion was ti i sc en ific analyses as an 
dd i p gm  pr s t.  
 y s w e i v s ig t d i sev l r : t  y  li , t  d ol , a  
n r c r er. T y lash nd y id li s r ge lly trace  wit   black r a dilu ed 
b w pigm , prob b y f o a ic rig n  p rti ly a d. A s c nd, ark  line cov-
r d he fi st nd s m e of c rb n bl ck and h t l k k ganic rown pig-
me t  (Fig 2a); on he ter p tr it , t e seco d li  a s t  applied only o  
y la  ne d o o  ey li  fol (F g re 2b). Th on y exce ion s o  E.1 78-1988, 
wh r t  first l s r r ced with r d m t ri l. Th pr s c  of eyel sh i  show
nly  th  p rtrait f  unk ow w m n (P.8-1945), wher  dots are p i ted n the
l r ey l i  (F gur  2b). 
illiard rot that the u l es of h  faci l f at res should be d aw  by a f ne pencil
(to be unde stood as a brush) wi h a faint rose colour de of a lake [15]; th s probably 
corresp ds t  the brow lines of g c orig n seen duri g th  analyses.  
The eyes’ i ner corn r, wh n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
Ta le 3. Miniatures by Nicholas Hilliard which have undergon  techni al and scient fic examina-














































 L ad white    
V rmilion     
Hematite         
Red lead         
Lead tin yellow I        
Vermilion
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bj cts th t he painte  n Fr  (P.154- 910, P.155-1910) nd  o t of a  nkn
man (E.1177-1988) s udi i  t i  ar icl . It c e is by highly w rk  ully 
modelled f h t n , ach ve  by p ly ng ma y yers f pai . Th  nalys s s o d  
lead whit nd c bon bl ck m trix sc t  w t   p ticle , typ call  h -
it  and v rmilion. Thi  is ls  i  a anc  w  he i g  n a por t f H nr  III,
recently discovered so i t  Hi liard’  ork in Fr nce [20]. I   n  g up 
of bjec s, corr s on ing  hi  s y istic c a g uri g t 1580 , t  fl h ton s ppe r 
pal , with  pr ference f r r d le d  th  m i   pon nt , a g  t  s  f  
lak s, now fa , c nn  b ru  t. Yell  pigm , such  d t  y llow  g -
t i e, ere also denti i , sel om mix d w h z r t .  
The r sul s ar d scr b i  T b  3 nd c bo at  h Hill a  i  hi
treati e. Lead t  and red le d w r  i e e m ls h  c m end  t  use for 
th  carn i n; in t e cas    pal  co plexion e us  of th  red comp nt, me ime  
mixe  wi h a sma l am u f m stic t  (  m t t  iod s u d be und rstoo  
s lea  ti  yello  [21,22]), wa  r duc , r a rthy , ticot  nd ch  
s oul  e add d [15]. S mil r xtu  lso d c ib d by N g te, l h ug   
no  m ion h  use of tic te [1]. Ad itiona ly, c ntifi   r v al th p s ce 
of ver ilion, which as isc ur g d by Hill d and N ga e in th i  tr atis  but w  
consistently e plo ed h  fl h s a l s d.   
 volu  of th  mou h w s built up s i g it  t o h  b ow   p n  
at th   (Figu  1); v milio  is h m i  pigm t u r th  lips ur ng th  Fr c  
period, where s f om t 1580s, p nk l   d l a are p f rr d. Th  tio  
et en upper d lo r l p onsi e   l ke. e ult  c firm  w at was 
w it en  Hilli rd an  Norg t , s h  ma i l o b  us d  he u h r  k , d 
l ad, and a w ite p gm t [1,15]. V i o  w s d n if ed b  sc ntif s s a  
additi nal pigm t pres t.  
The y s we e inv s gated in s v al r : sh li s, h id ol , d  
inner corner. The y l sh nd ey l d li s  g r lly  i   bl ck  i
brown pigm nt, pro b y f orga c rig d p ti lly d. A s c d, ke  line c v-
ere the fi t ne nd as m d  f a b  black a  w  o k  lik  rg ic br w  p g-
m nt  (Figur 2a); on  lat p t it , t co  l n pp a s  b  ap l d n y on th  
eyela  lin  nd ot on t  yel d fold (Figu  2 ). T  o y exc p ion is  E.1 78-1988, 
wh re t  fir t li  ar trac d w th  d m e i . The pres nce f eyel s  i show
nly on th  portrait of a unknown o n (P.8-1945), where dots re painted on the 
lower eyelas  line (F gure 2b). 
Hilliard wro e that the outli s of the facial features sh uld be d w  by a f ne p ncil
(to be understood as a brus ) with a fa t rose col u  made of a l ke [15]; this p obably
corresponds o the brown lines of o ganic origin s  d ring the analyses.  
The eyes’ inner corner, when is ble, is p int d wi  a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nich las Hilliard which have undergo e technical and scientific examina-
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Vermilion        
Hematite         
Red lead         
Lead tin yellow I        
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bj cts h t painte  in Fr  (P.154-1910, P.155-1910) a r t kn
ma  (E.1177-1988) s di i i  r icl . It i c eris by highly w rk d nd ully 
modelle  fl h t n achi v  y p lying m y l ye  f pa . The nalys s sho d  
ead whit nd on bl ck m t ix c  w p gm n  p rticle typi lly h
it  and v rm ion. Thi  i  ls  i  a r an  w he i d ng   por ra t f H nri III, 
rece tly discovered  s i  Hi lia d’  w rk i F nce [20]. In e c n  gr up 
of bjec s, corres ondi g to h s stylistic cha g uring  1580 , t  fl  es p  
pal , with  pr fe n e f  r d le d  m i  red o po t , g  t  s  f 
lak s, now f , c nn  b  ul  t. Yell w pig , such d ti  y low n  g -
i , er  lso d n i , sel m mix  th z r .  
The sul ar cr b T b  3 an  corr b at  hat Hi l a d  i  hi  
tr i e. L ad t and red l  w r  ndeed  m i ls h  c mmen d t   for 
th  car n; in t e cas   pal  c pl xi n e s  of th  d c mpon n , me i e  
mixe  wi h a m ll am u f m c t  (  m   io  s ld be und stoo  
s l a  ti  ye [21,22]), wa  r duc , r   a rthy , m cot  nd chr
s oul  e add d [15]. Sim l r ixtu so c ib d by N g te, l h ug d  
n  m ion h  u e f tic te [1]. Ad iti n lly, ci t fi  a s  r v aled th  p s nc  
of ver ilion, which as iscour g d by Hill d and N ga n th i  tr is bu  
consistently plo d in t  f  s l s d.   
volu  f  mou h w s built up st i with t  sho  b own lin pa  
t th   (F gu  1); v ili  is h i pigm t u th  lips u ng t  F nc  
p riod, wher s f m t 1580s, i k la  r d l a ar  p f rr d. Th  tio  
et en upper d lo r l p onsi te    lak . T r ults c f rm d w a  was 
w it  b  Hilli r  an  Norg t , s  ma i l o b us   e m u h wer  k , re  
, and  w ite t [1,15]. V i o  w s ntif  b  sc n if ses as a  
dd i nal pigme  pr s t.  
T  y s we e i v s ga ed in s v r s: as  li ,  i ol , and  
i n  cor er. The yel s  nd ey lid li s  r lly i  bl ck r a i e  
brow  pigm n , pro bly f o c ig n d ti ly d. A s c nd, d ke  line c v-
er he fi t ne nd s mad of b black and h  o k  lik g ic row  pig-
m nt (F gu 2a); o   l t r i ,  s c l n pp a s t  ap li d nly n  
eyel  lin d ot o  t  yel d fol (F gu 2 ). T e o ly exc ion is o  E.1178-1988, 
wh  t  first li s r tr c d w th  r m t ri . The pres nc  f eyel s s s sho
nly on th  portrait f an unkn w oman (P.8-1945), wher do s re painted n
lower ey l sh l ne (Fig re 2b). 
Hilliard wro that the u li s of th  facial feat r s sh ld be ra by a f ne p ncil 
(to be unde sto d a  a br sh) i h a fai t rose col ur made of a lake [15]; this p obably
corresponds to th brown lines of ga ic origin s en duri g th  analyses.  
The eyes’ i ner corne , wh n is ble, is p int d wi h a red material, the composition 
of which varies for each miniature.  
Table 3. Mi iatures by Nich las Hilliard which h ve undergo e techni al and scient fic examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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obj t h  p int  n F c (P.154-1910, P.155-1910) rt i f an kn  
 (E.1177-1988) s udi  t s r icl . I c c ri d by ig ly w rk nd fully
mo e d f h n , ch ve  by pplying man  lay r f pain . T  alyses showed a 
e d w t d c n bl ck x sca ed r par icle , ty ic ll  h ma
v rm l o . T i  is al o i c a c  w t  he fi d g  n a p rtr it of Hen i III,
re ntly is vered nd a  Hi liar ’  w k i F nc  [20]. I  th  ec n  gr up
of bj c s, cor spo ing to hi  s ylis ic ha g  ri g  1580s, t e flesh tone appea
pal , with  pr f r n e for d l d  mai  r d p n nt , alt ug   se f red 
lak s, now f , c n  b  ul . Y ll w pigm , su  a   tin y ll w n  g -
th , r  l ide i d, ld m mix d i  zur . 
The r ul r i   T b 3 d c bo ate wha  Hilliard d cribed in hi
r a i . L a  w  n ed le   e i ls h  r co men d to u  for
th ar i ; in the c e f a p le c plexi n  u of t e re  mpo n , m ime
m x  h  l ou t o  m ot  (a m h th  i d sh ul be u erstood
a  l a ti  l  [21,22]), w  r uc , wh as or a w hy n , m ticote nd chr
houl  e ad [15]. S l r mixtu s r  also d s ibed by No ga e, lthoug   do
 m  h u e o t c e [1]. A dition ly, ci ntifi  l s  r veal d th  p es
of v r i i , hich a  i c ra d by H lia   N g t  in their reatis s bu  
c s te tly pl d n th  fl  o  l s d.   
 vol  f  u  s ui t up st g wit  tw  s o  brown li p in
t th  s (Figu  1); v mi i s h mai pigm  us   the i s ur g th  French 
ri , wh r as f om  1580s, p k l e  d l a  ar  p r d. Th s atio  lin
w e u r  o  lip co si t  f a d l e. T s  ults firm d what was
w itte   H lli d an  N rg t , as t  mate ia  to b u e  f  he m u h were ke, r
l , a w te p gm  [1,15]. V mil  a ti  b  scien if  anal ses as a  
addi i nal p gm t pres t.  
 y s inv stigat d i  sev ral r s: the y la  lin , t y d ol , a d
r c r r. T y l sh nd l d li es  g n r lly t ac  wit  a bl ck r a diluted 
b ow  pig t, prob ly f g ic ig  r i l  d. A s cond, rke  line cov
r d fi t n  d s made of c b bla k and h t l k ik rg ic brown pig-
me  (F g 2 ); h  at r p t it , s co d li  a s t   appli d n y on the
y  n  d o o  y li  f l (F gur  2b). Th on y exce i n is o  E.1 78-1988, 
w re  fi t l es r t c d with  red m t al. T r se ce of ey l she i shown
nly o  the portrait f a  unknown oma  (P.8-1945), where do s re pai ted n the
lower ey l   (F gu  2b). 
lliard rote th t t e u e of th facial fe t es should be drawn by a fine pencil
(to b  u der to d as a brush) with a int ro e c lour de of a lake [15]; th s probably 
c rr po ds t  the br w li es of org nic orig n s n during the analyses.  
T e eyes’ inner corn r, hen visible, is painted with a red material, the composition 
of which varies for each miniature.  
T ble 3. Mini tur s by Nichol s Hilliard which have un ergone technical and scientific examina-














































 L ad white     
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Pink lake
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bj ts th  h  p i ted n F a c (P.154-1910, P.155-1910) nd  t  kn
an (E.1177-1988) di d i  t i r i l . It i ch a eris y ig ly w k nd ully
mo elle  fl sh t n , a ve  by ap lying many l ye s of pain . Th naly s sho  
lead whi d n b ck t i  gm n l , typi ally h -
  v rmilion. Thi  i  also i  rdanc  w  f d gs  p r i  f H n  III,
rec tly discover d  s t   Hi l a d’ o k i  F n  [20]. I  th  c  g up
of objec , c r spo i g  his s ylis ic ha g  uri g th  1580s, fl   app r
pal , wi h  pr fer nc  fo  r l d th  i  red po , g  t  u  f 
lak s, now fa , c nno  b  u ed t. Y l igm , uch as n ow  g -
i , r  also id fi d, s l om mix d with z r t .  
 r l s r d sc ib d  T l 3 n  corrob te hat H ll  i i
reati e. Lead i nd r d l a  w r  in d m ri ls h  rec n  t   for
th carn i n; in t  c   a pale co pl xi n e s f th c mpon , meti
mix  wi h a smal  am u  f m t t  (  m h t t  e io s l b u rstoo  
s lea ti  yellow [21,22]), wa  r d c , r   a s r hy , mas c  nd ch
shoul   dd d [15]. Sim l r xtu s e lso d b  by N rg , lth ugh 
n  m  h  use of ast c  [1]. Ad iti ally, c t fi  a  r v al th  p sence
of v r i ion, hich a  iscour ed by Hi l  d Nor  n h i  tr is s bu w
co sisten l  pl d in  fl h n s a l s d.   
 v lu  f h  m u  w s bui t up st i g wit  tw  s o  ow i e pain
at th  (Fig r  1); v mili is h m i  pigm t u   th li s ur ng the Fr nch
riod, he as f m  1580 , pink la s  r  l  r  p f r . Th s a io
et en upper d l r l p onsi t   lak . T ults c f rm  wh  wa
rit n b  Hilli an  Norg t , s th  m ial   b u ed f  he u h w r  ake, red
, a d a w e pigm  [1,15]. V r  as i tif ed b  sc n if l se   
additi al pi m t p es t.  
e yes w  i v s i a d in v l :  sh li s, th  fol , nd
nner c n . The yel sh ey l d li s w  g r lly tr  wit   bl c o  a i u d 
b own pigm n , prob bly  o g c ig rt a ly a d. A c nd, d k  line c v
er d e fi t n  nd as m d  of carb bla k nd w t ks ik rg ic row pig-
m nt  (F gu  2a);  t e lat p r r it , th  c lin a p rs t  b  appli d nly n the
eyela  li  nd ot on th  y li  fold (Figu  2 ). T e ly exc p io  i o  E.1178-1988, 
wh r  t  first li s r  tr c d with d mater a . The presen f ey l sh s s sho
nly on the portr it of a unkn wn o a  (P.8-1945), wher do s are painted on th  
lower eyelas li e (Fig re 2b). 
Hillia d wr te th t t e outli s of the faci l feat es sh ul  be a n by a fine p ncil
(to be understood as brush) with a fa t rose colour m de of a lak  [15]; th s p obably
correspo ds t  the br w lines of org nic orig n s e  d ring the analyses.  
The eyes’ i ner cor r, when is ble, is painted wi h a red material, the composition 
of which varies for each mi iat re.  
Table 3. Miniatur s by Nich las Hilliard which have u ergo e technical and scientific examina-
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Vermilion         
Hematite         
Red lead         
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bj ts h  p i ted in Fr  (P.154-1910, P.155-1910) p t i f an unkn
m (E.1177-1988) t di d i t is r l . It  c a er s d by ighly wo k d and ully 
modelle  f h n , c i ve  y pplying ny y rs of pain . T  naly es showe a
l d wh d  b ck t i c  w th r pa cl , typi ll  he -
t v rm on. T  i  al o i  c r anc  w  fi di g    p rtr it f H nr III,
e tly is vered  i   Hil ia d’ rk i F nc  [20]. I  e c gr up
of obj ct , corr pon ng  his s ylis ic ch e ri g  1580 , the fl s  n s app r 
pal , i h  pr fe c  for e  l    i  c p n n , a g  t   of r  
lak s, now f , c n  be u  ut. Y ll  pigm n , s c   n y ow  go -
t , e e id tifi d, s l m mix d w  azuri . 
re l  r c b   T  3 n  c b te ha  Hi lia  d scribed i  hi
trea is . Lea  n r d l e  i  t i ls eco m n d to  for
th c r ion; in t  c  f  pal c mplexi n e us of th e  mpo t, om im
m x w th   am u t f m cot (  m h t   i  h uld b  u der too
s l  ti  w [21,22]), was uc , wh a  r a w thy one, m co  and och
shoul  b  dd d [15]. Si l r ix u s are so b  by No g t , althoug   
m i  h  u e o  st c t  [1]. Ad ti n ly, sc nt fi  lys s r v al  th  p s e
of v r ili , hich a disc ura by H lli d d N g in h ir tr t s s but wa
c s st l  mplo d th  fl o s l d.  
e v lu  f  uth w  bu t up st rt g with t  ho brow  lin s p int
at h  c r r  (Fig re 1); v i  h in pigm t  th  li s u g t  Fr nch
ri , he as f m  1580s, k l nd l d r p ferr . The s ion li
e u r  l w r lip si t d f  r  lak . Th s  sul s firm  w t w
itt   Hillia d an  N rg t , m er a t b  used f the m uth w re l ke, r  
d, a  w e t [1,15]. V m  as id ti  b sc en if  a l s s  n
additi al pi m t p t.  
T  y s w r  i v igat d in ev l : t e y l sh li ,  d ol , a d  
inner c . T  y l sh y lid lin   r lly tr d wit  bl c  o  a ilu d 
b wn pi n , pr y f org ic rig  p r i ly f d. A c nd, rke  lin  c v-
r d fi st  nd s m  of c rb bl ck nd  l k  lik rg ic row pig-
e t  (Figu 2a);   lat r p t its, the s co  l  app a s to appl ed nly o  
yel   nd o o   yelid fol  (F gur 2b). Th on y xce ti n is o  E.1 78-1988,
wh r  th  fir t li s r  tr ced wit d m t ri l. Th r senc  of eyel sh  i  show
nly on th  p tr i  f a  unknown wo n (P.8-1945), wher  d ts are pai ted n the
l w r ey l e (F gur  2b . 
Hillia d wr t hat t  u l es f the faci l f ur s sh l  be d awn by a fine pencil
(to be u e to d a  a brush) ith a faint rose col ur de of a lak  [15]; th s pr bably
correspond  to th  brown lines of org nic o igin se n during the analyses.  
T e eyes’ i ner cor e , when visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
Ta le 3. Mi iatures by Nichol s Hilliard which h ve undergon  technical and scientific examina-
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V rmilion     
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Red lead         
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bj t h   i t d Fra e (P.154-1910, P.155-1910) d a rt it f an kn n
n (E.1177-1988) di i  t is r i l . I i c ris d by ighly work d and ully
mo ell d fl h n , c i ved by pplying an  aye s f pa . Th  nalys s showe  a
 w i  c  b ck t  ca ed pigm par cl , ty i lly h a
 v m l o . T i  l o i  r a c  wi   fi d g  n a p rtr t f H n i III,
re tly is v red  ss  Hillia d’ k i F nc  [20]. In th c gr up
of obj c , r spo ing o h s s ylis ic h ri g  1580 , the fl s  t ne appea
pal , i h  pr fe for e  l  s t   p n n , alt gh t  s  f r  
lak s, no f d , c n  be ul d t. Y ll pigm , s  l i y llow n  go -
t ,  l o de t i d, l om ix d i zuri . 
l  r c i Ta 3 nd c rr b t  hat Hillia  cribed i hi
r i . L ad  n r d l   n d m ri ls h  r c m n d to  for
he c i ; in  c  f  p l c mpl xi t e us of th r  mp n t, me im
m x  a m  un  ot (  m h t t  i d sh uld be u erstoo
le tin ll  [21,22]), w  c , wh a  r a w y ne, m icot  and och
s ul   d d [15]. Sim l r ixture  are so s ib d by No g te, lthoug   do
 m ti  h use  t c  [1]. Ad itionally, ci ntific anal s s r veal d th  p es nc
of v r ili , hich a  di co r d by Hi li  d N g in th ir tre t s s bu
c s st tl  e pl  in  fl o lys d.   
T v l  f e uth as bui t u s a t g wi  tw  s o  brow  line pain
t he c  (Figu e 1); v rmi i h i pigm  u f  the li s ur ng t  French
ri , whe s from  1580s, l kes n r l  r  p err . Th  s p tio  lin
e  u r l w  lip sist  f d lak . The  u ts c nfirm d what w s
itt  b  Hilli d  N rg , s t m e a b  us  f  e m u h w re ke, red
l , a  w e pigm  [1,15]. V mi  s i tif d b  scien ifi  a al ses s a
dd io l pi m  pr t.  
T y s r  inv g t d  ev al : t e y la  li s, th id ld, and he
i n c . T  ye sh nd e l line  g rally ac  it   bl c  or a dilu ed 
b w  pi m nt, pr b bly f ic ig  r i l  a d. A s cond, d rke  line cov
r t fi t   s m d  of rb bl k nd w at l k lik g ic brown pig-
t  ( ; n  t r p t it , seco lin pp a s to b ap li d nly on the
yel  lin d o o   yel d fol  (Fig re 2b). The only xce tion s o  E.1178-1988,
wh e th  first li s r  rac d w   r d t ri l. The pres ce of ey l shes is show
nly  th  po trai  f an unknow  om n (P.8-1945), wher  do s re pai ted n the
lower ey l h li (Figure 2b . 
lliard r te th t th  ou n f th facial fea es should be draw  by a f ne pencil
(t  b  under tood a  a brush) wi h a aint ose colour de f a lake [15]; th s pr bably
corr pond  to the br wn lines of ga ic o igin s en duri g th analyses.  
The eyes’ i ner cor r, h n visible, is painted with a red material, the composition 
of which varies for eac  miniature.  
T ble 3. Mi iatur s by Nicholas Hilliard which have un ergone techni al and scient fic examina-
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V rmilion         
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bj cts tha  ai t d F a  (P.154-1910, P.155-1910) n po tr it f an nknown 
 (E.1177-1988) s u  i t s r i le. It i c a t i d by highly w rk nd ully 
mo e led fl sh n s, c v  b  app ying any laye s of pa . T  nalys s showed a 
l  i d c b ck tr  c ed with  pigm t par cl , typ cally h a-
 v m on. T i  l o a wi   findings  a p rtr t f H nri III, 
tly s v r d  c t Hi lia ’  rk F anc  [20]. I  th  c  gr up 
of obj c , orr p n in o h s tylis ic h ri g t 1580 , t e fles  tones appear 
pal , w h  pr fe c fo  l   m i  r  p n n , alt g  he us  of re  
l k s, n w f , c n  b  ul d t. Y ll pigm , s ch d ti y ll w and g -
t ,   d fi d, s d m ix d wi zur .
s l  r  s rib T  3 n  c r b ra  h t Hillia cribed i  hi  
r i . L i an d l   i d  m te i ls h  r comm nd d to s  for 
th c a i n; in  ca f  pal  c pl xi t us  of t re  pon , sometimes 
xe  w th  m u  m icot (  m a  t i  iod h ul be understoo  
l  ti y l ow [21,22]), wa  r uc , wh f r a w y on , m icot  nd chre  
s ou   d [15]. Si l r ix u  are lso sc ib d by Norg e, lthoug  e doe  
n m  t u e t c te [1]. A tion ly, c tifi  a al se  revealed th  presence 
of ver i i , hich a i cour g by H lli rd nd N ga in th ir treatis s but w s 
c t l  e l n  fl h o  l s d.   
v lu  f m u s u lt u s ar g wi tw shor  brow  li es pain  
t th  (Figur  1); ve mi s th i pi t us r t e li s uring t e French 
p i , wh s from 1580s,  l e n re l d r  p f r . The s a tio  lin  
 u r  r lip i t  f   l ke. T e  r ults firmed what was 
tt n by H ll r  N gat , s t e m te ia  b  u  f e m uth w re ake, red 
l d,  w i e p g  [ , 5]. V rmili  id ntifi  b sc en if c a alyses as a  
dd ti l pi m  p es t.  
y s w inv g t i ev l : t e ey s  li , t  id f l , and  
ner c . T y sh and ey li lines w g n r lly trac  it   black r a dilu ed 
b w  pigm nt, pr b bly f igi r i l f d. A s c nd, darker line cov-
re t fi t   s d  f bo bl ck d t l k k ganic brown pig-
 ( i e ; o  t  p rt its,  s con  line pp rs t  e ap li d n y on the 
y  lin  d ot o  h  y l  f l  (F gure 2b). Th  onl exce io  s on E.1178-1988, 
w e  fi st li s ar d w h  r d at l. T  pres nc  of eyelashes is show
nly on th portrait of an nkn w  oma  (P.8-1945), w er dots are pai ted on the 
lower ey l e (F g 2b). 
H lli d wr t hat t ou l es of  f cial f at res s ould be draw  by a f ne pencil 
(to be u der tood a  a brush) wi h a faint o e c lour de f a lake [15]; th s probably 
c respo ds t  the brow lines of g ic orig  seen duri g th  analyses.  
The eyes’ i ner corn r, wh n visible, is painted with a red mater al, the composition 
f which varies for eac  miniature.  
T le 3. Mini tures by Nicholas Hilliard which have undergon  techni al and scient fic examina-
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Vermilion        
Hematite         
Red lead         
Lead tin yellow I        
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obj cts h t h p i te  F c (P.154-1910, P.155-1910) a d  it a nknow  
man (E.1177-1988) st d i t rti l . It c ris y highly w rk nd fully
modelle f sh ton s, ch v  y applying many l y s of pa t. Th aly s s o d a
l ad whi  n b ck t  c t ed w t r  t cl , typi l  h -
i  nd v rm i . T i  l o i r anc  w  th fi di g   p r r it f H n  III,
r ce tly dis v d d s t  Hil i d’  ork in F n  [20]. In th  c  up
of obj c s, c rr s g  his s ylistic h ng i g he 1580s,  fl   p ar 
pale, i   pr fe c  f r r  le  th m i   mpo , th ug  t  u  f 
lak s, now fa , c o  b  ul  ut. Y ll pig n , uch a  d t n y low a  goe-
t ,  also id t fi d, s l o ix d wit  zu it . 
r s lt  r d c b  T 3 an  c b at  h t Hi lia  scribe i  is
t a i e. L ad whi  and r d l d e i   m i ls r c m d t  u  for
th ca ati n; i  t e cas   pale c pl xi e s  f th e  mpo e , s meti
mix  w h a  am   t ot (  t m th t t t i  rio s ul be und r to
a lea  ti y l w [21,22]), wa  r uc , whe a f a w  on , ma  d ochr
shoul   dd d [15]. Sim lar ix s e so sc ib by Norg , alth ugh h d  
t m n h  us  o  stico  [1]. Ad iti na ly, c nt fi  l e r v al th  pr s c
of v r i i n, ich a  isc ur g  b  H lli rd  N rga n th i tis  but wa
c sistentl  m l t  fles  s l s d.  
v lum  f th  m ut  was built u st ti it  tw  o  b ow li es p in  
at th  c rs (Figu  1); v ili i h i igm t f r h  li s u g t  F nc
p ri , wh s f m 1580 , k l s a l  r p fe r . Th s a a ion li
e w e  u p d l  l  consi t  f r d l k . Th ult  c f m  w at was 
ritt  y Hilli a  Norg te, t  m ials  b  u d fo  the u h wer  lak , re
l d, a d  w i  ig t [1,15]. V il  wa tif ed b sc n if c lys s a
additi al pi m t p s t.  
e y r  i vestig  i v ral r :  y las  li es, he y li fol , the 
ner c . T y l sh d ey li li e  w  n lly tr c it bl ck o  a il t
b n pigm , p ob b y f o g c rigi a  r ly d. A c d, k  lin v-
er d e fir t e d s m f rb  bl k nd w  k k  rganic row  pig-
ment  (Figu e 2a); o t  l ter rt i ,  seco  li e a pea s t  be appl d nly   
eyel  in  nd ot on th y li  fold (Figur 2b). Th o y exc tion is o  E.1 78-1988, 
wher  th  fir t i  r traced with  ed m teri l. The presenc  f eyelas s i  shown
only on th  p rtrait of a  unkn w an (P.8-1945), wher do s are p i ted n the
l w r eyel  l ne (F g re 2 ). 
Hilliard w o that th outl s of he faci l featur s sh ld be awn by a fine p ncil
(to be unde sto d  a brush) ith a fai t ose col ur de f a lake [15]; th s p obably
correspo ds t  th brow l nes of o nic orig n s en during the analyses.  
The eyes’ i ner corn , when is ble, is p int d wi h a red material, the composition 
of which varies for eac  mi iat re.  
Table 3. Mi iatures by Nich las Hilliard which h ve undergo e technical and scientific examina-
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Vermilion         
Hematite         
Red lead         
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bj cts t t p i te  F (P.154-1910, P.155-1910)  rtr i an nkn
m n (E.1177-1988) studi i  th  ti l . It is ch ra t is by ig ly w k  d fully
odelled fl sh to s, ac ved by applying many l ye s of a t. Th analys s s ow d a
l ad whit   c b bl ck t i c tt wi r  pigm t par icl s, typi a ly h -
tit  nd v m li . Th is lso i c r nce w t  t  fi ding  n  p rtr i  f Henri III,
r e tly is over d  sso t o Hilli rd’s rk Fr c [20]. I  t s co r up
f obj cts, c rr sp i g t  his stylistic ch n  uri g t e 1580s, fl sh t n s app
pale, ith pr fe  for re  l  s t in r  ompon n s, lt gh t  us  f  
l k s, no  f , c n t b r l d t. Y ll w pigm ts, s c  s l d tin y ow  go -
it , w  lso id t i d, s ld m ix  it  zuri . 
T r s lts r d scrib T l 3 a d c rr b r t  w t Hillia  scrib d in hi
tre tis . Lea  i nd r d l d w re i  t e m ri l  h  r c mm  t   for
he c r ti n; i  the cas  f a pal co plexi t e se f the re  c pone , s meti e
mix d w t a ll m nt f st ote ( t m th t t thi  i h ul b  understo
 le  ti ll w [21,22]), wa  r uc , w r as f r a sw r on , masticote d ochr s 
sh ul   dd d [15]. Si ilar ixt r s re so scr b by Norg , althoug   
n t m t  t s  of sticote [1]. Ad itio ally, sci ntific al ses reve l d th  pres
of v r i i , w ich a  isco rage   Hilli d n Norgat  in h ir tr at se  but  
c si t l m l in th  fl t s lys d.   
T v lu  f th m t  w bui t u  st ti g wit  t s t brow li paint
t th  c r r  (Fig r  1); v rmili s the m i  igm t u f r  li s uri g th Fr ch
p ri , h re  fr m t  1580s, ink lak s r l a  r  pr f rr . Th  s pa tio  lin
t een upp r a d l r l  sist  of a red lake. Th s r sults c f rm d wh t wa
wr tt  b Hilli r a  No gat , s t  m ials  b  u  f r the m uth were lake, r  
l a , a d  whit  pigm t [1,15]. V m  a i ntifi b  sc ntifi  a l ses as
a diti al pi m t pre t.  
 yes r  i v sti t d i sev l r s: t  y l sh lin s, he i  fol ,  
n c rn r. e l sh y li li s w r  g ll  t  it   bl ck r a diluted
br n pi m nt, pr b y f o g ic origi   rti lly f d. A cond, d rk r lin v-
d t  fi st e d s d  f rb black nd what ks ik rg ic brow pig-
ents (Fig re 2a); o  t  l t r portr it , the secon li  app ars t b  appli d ly on the 
yel  nd no on  yeli  fold (Fig re 2b). Th only xception s on E.1178-1988, 
where th  firs  i s r  r d wi h r d material. The pr senc f eyelash is show  
nly n t e po tr i f an kn w  w m n (P.8-1945), w er do s re p inted n the 
lower eye s li (Fig r 2 .
Hillia d wr te that ou li s of e faci l features s ul  be drawn by a fine pencil 
(to be nder tood  a brush) with a fai t ose colour m de f a lak  [15]; th s pr bably
correspo ds t  the brow l nes of org nic orig n s en during the analyses.  
The eyes’ inner corn r, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white    
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Vermilion
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objects that h  p inte  in Fr ce (P.154-1910, P.155-1910) a  p tr it  u k ow
an (E.1177-1988) st di d i  t i  rtic e. It is c ct r s  y g ly worke  fully
odelled flesh to s  c i ved by p lying many l e s f a t. T e an lyses s owe  
lead hite an  c b n bl ck atrix att r d wit  t rticles typ ca ly -
tite and ver ili . This i  also i cc d nc  w th th fi di gs   p rtr it f Henri III, 
r cently discover d nd s ci t to Hil ia ’s w rk i  Fr e [20]. I the se o  r u
f obj cts, c rr sp i g t  his stylistic c a g uri g  80s, t e fles t es p r 
pale, ith  pr fe ce for re le s t e m i  r  on ts, th ug  t e us f re
lakes, now fa d, c not b r led t. Y ll w i e ts, c as le d tin ll w a  -
th te, w re also ident fi d, sel  mixe wit  zur t .
The r sults r described T ble 3 d corrob r te  Hilli r scri  i  is
treatis . Lea  whit  and red lead w e i  th m ri ls  r c m  t u  for
the car ati n; i  t case f a pale co plexio t e se of the d c p nen , s et es
mix d with a sm ll amo nt  sti te (  t r  t t  t is rio hould b  u d rsto
s lead tin ll w [21,22]), was reduce , here s f r s rthy n , mastic te a d ochr s 
should b  added [15]. Si ilar ixt s r  lso d scrib b  Norg te, lt ugh h  es
no  mention th  us  f asticote [1]. A itio ally, scientific a s  r v al the se
of vermilion, ich was discour e   Hilli rd a N r a e n th ir at ses but w s
consist ntly m l yed in the f es  t es lys d.   
T  volum  of the m th w built up starti ith tw  s t brow li es p i te
at th  cor ers (Figure 1); v rmili n is the m i pigme t u d for h  lips uri g t  Fre ch
period, ere s fr m t 1580s, i k lak s a  r lea  r pr ferr . Th  p at e 
betw e upp r a d l r l  siste  of a r d l ke. T s res lts conf r d ha  was
written by Hilli r  a d Norg t , as t  m ri ls t  b  use   th outh re ak ,  
l ad, an   whit  pigm t [1,15]. Ve il  a id tifi d b  sci t f c n lys s n
additional pigm t pres t.  
e e es were i vestig t d i s v ral re s: t e e ash lines, he e e i  fold, 
i ner cor r. h  las  a d y id li s w e g rally t i  a bl c  r di uted
brown pigm nt, prob b y f o g c origi an tially f d d. A s c nd, d rk r li v-
ered th  first  nd w s m d f b black and wh t lo ks lik  orga ic brown pig-
ments (Figure 2a); on the l t  r r its, t  s c d l e appe rs t  be appli d o ly on t  
eyelash ne and n  on y lid fold (Figure 2 ). T  ly exc ption is n E.1178-1988, 
where the first ines ar  trac d with a red m e a . The pr s nc  f eyelash is shown
only on the portrait f an unkn w  w m n (P.8 1945), where do  are p int d on the 
lower eyelash li e (Fig r  2 ). 
Hilliard wrote that th  ou li s of facial f atures sh uld be draw  by a f  p ncil 
(to be understood s a brush) with a fai t ros  olour made of a lake [15]; this p obably
corresponds to the brown l nes of organic origin s en during the analyses.  
The eyes’ inner cor er, when is ble, is painted wi h a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nich las Hilliard which have u dergo e technical and scientific examina-














































 L ad white    
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
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objects t at p i ted in Fr e (P.154-1910, P.155-1910) p tr it of a  u k ow
an (E.1177-1988) studi in i  tic . It  c ar ct r s y ig ly w rke  fully
odelled f esh to es  chi ve  by p lying ma y layers of a t. T analys s s o ed a
lead hite  c rbo bl ck atrix s t red w t r  t r icl s typ call  -
tite nd ver lio . This is als  i  a c  w t findi g  p rtr it of Henri III,
r cently isc ver d a d s i t  to Hilliar ’s rk i  Fr  [20]. In the s co  group
f obj cts, c rres ng to h stylistic cha ge uri g he 1580 , t fl s  to s pp r
pale, it  pr fe c  f  re  le  s t e i  e  po s, th g  t us f re
lakes, now fa ed, c ot b r l d t. Yell  i t , uch as le d tin o a  -
te, wer  lso ide ti i d, s l mix d with z ri .
e s lt  r  escribed i T le 3 d cor ob rate a  Hilli rd cri i  his
tr tis . Lea  hit nd r d l ad were i t e i ls e c m n  t  us  for
t e car tion; i  t e case f pal  c pl xio the se of th  ed c p nt, s metimes
mix d w t  a sm l am unt f as cote (  rm t t t t i  rio  sh uld b  u d r too
s lead ti  ll w [21,22]), w s reduc , whe e s f r  rthy on , mastic e a d ochres
sh uld b  d d [15]. Si ilar ixtur s r  lso scr b  by Norg t , lt ugh h s
n  me ti n th us f masticote [1]. A itiona ly, sci t fic l s r l  th se
of v rmili n, ich was isc ur e  H llia d a N r a n h ir tr at ses but wa
co sisten l  m l d t e f s t es lys d.   
T volum  f m uth w bui t up st rti g it  tw  rt brow li s p i t
at th  cor ers (Fig e 1); v mili n is t i pigme t  f r  lips duri g t  Fre c
period, er a  fr m t 1580s, pi k l k s a  r lead r pr ferre . Th parati e
betw e u p r a d l w r lip siste  of a re l ke. Th  r sul s c nfir  w  wa
ritt n y Hilli rd a d Norg t , s t  m ri l  t use  f  e outh w re k , r
l a , a   w it  p gm t [1,15]. V li  s e tifi  by sc ent fic n ys s as
d ti nal pigm  pres t.  
 e es ere investig i  s v ral r s: t s lin s, t e ey  f l , t
i n r corn r. he l s yelid li s w ge erally tr ced wi h  bl ck r a ilu e
brow pigme t, probably f a ic orig a d p rtially f d d. A c nd, ark  li  v-
ered t e first one nd w s m f c rb bl ck nd w at lo ks like o ganic brow pig-
ments (Figure 2a); on t e l ter p r r its, t e sec l ne app a s t  b applied nly  
ey l sh e a d n on yelid fold (Fig r 2 ). T o y exception is  E.1 78-1988,
whe e the fir t li  are rac d with e  m t i . The pr s nc  f eyelash i  shown
only n th  p rtr it f a  unknow w n (P.8 1945), wher  dots are paint d n 
l w r ey la li  (F gur  2b).
Hillia d wr that t e u li s of t faci l feat res shoul be aw by a f e pencil
(to be unde stood as a brush) wi h a fai  ros  col ur made of a lak  [15]; th s probably 
corresponds to the brown lines of g ic origin seen duri g th  analyses.  
The eyes’ i ner corner, wh n visible, is p int d with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have u dergone techni al and scient fic examina-














































 L ad white     
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Hematite
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objects that he p inte  in Fra ce (P.154-1910, P.155-1910) a po tr t of  u k ow
man (E.1177-1988) stu i  i this rtic e. It  c ar te s b ig ly w rke  fully
delled f esh t s a hi ve  y applying y la ers of a t. T e analys  owed a 
lead white an  c rb  bl ck at ix scatt d w t e e  p rticles typ call  e -
tite and ver i io . This is als  i  cc a c  i t f i gs   p rtr it f H n i III, 
recently discovered and ssoci te  o Hill ar ’s work i F ce [20]. I h s o r up
f objects, corr s ing his stylistic ange ri g th 80s, t e fles t es ppe r 
pale, wit  a preference f r re  lead s the m n red c pon s, lt ug t e us f re  
lakes, now fa ed, c nnot be r l  t. Yell w igments, s c as lea tin y ll n  -
thite, were also identified, seldo  mix d with z rite.  
The r sults re descr bed i  Tab  3 a d corr bor t wh  H l a d scrib i  i
treatis . L ad whit and r d lea wer  i de  th  m t ls rec men  to us  for
the car at on; i  the case f pale co plex o he us f th re c p e t, sometime  
mixed with a sm l amou of astic te (  t m t t at t s p io s o ld be un erst  
s lead ti  ye l w [21,22]), was reduce , e e f r w rthy , stic te d ochres
sh uld b  added [15]. S milar ix u s ar lso de c ib d b N g te, lt gh h s 
not mention the use f asticote [1]. A itiona ly, sc tific l ses re al th  prese c  
of vermilio , which was disc ur e y Hil iard a N r a e i  th ir tr a ise  but w s 
consist ntly employed the f s t es lys .  
The volume of the mo th s built up starti g ith two h rt ro li e  i te  
at the cor ers (Figu e 1); v ilion is th mai ig t u d fo th l s u ing t  Fre c  
period, hereas from t 1580s, pink lak s a d r l  are pr f rre . Th parati  li e 
between upp r a d l w r lip co sist  of a r lak . e e s lts nfirm d w a  was 
written y Hilliar  and N rgat , as t e m e i ls  use f the ut  ere k ,  
lead, and a w ite i t [1,15]. V mili  was ntifie  y scie tif c n ly es  
additional pigm nt pres t.  
The ey s were investi at d i  sev ral reas: th  ey lash li es,  yeli  f l , d t
inner corner.  las  and eyelid li s we  rally tr ce wi h a l ck r il t  
brown pigment, robably o  o ga ic o igi  d r ially f ded. A s c , ark  li e c v-
ered the first one and w s made f c rb black a d wh  lo ks lik  orga ic brown p g-
ments (Figure 2a); on t e l ter por rait ,  s c line appe rs  be appli d nly on the 
eyelash lin  and n t on the eyelid fold (Figu 2b). T y exc ion i on E.1 7 88,
where the fir t li e  are traced with a ed ma er al. The pr sen e f eyelas s o  
only on the portrait of a unkn wn woma (P.8 945), where dots re pa ted on th
lower eyelas  l e (F gure 2b). 
Hilliard wro e that the outli s of t e aci l featu es sh ld be d a  by a f e pencil 
(to be unde sto d a  a brush) ith a fai rose col ur made of a lake [15]; this probably 
corresponds to th  brown l nes of o ganic origin seen during the analyses.  
The eyes’ inner corn , when visible, is p int d with a red material, the composition 
of which varies for each miniature.  
Table 3. Mi iatures by N chol s Hilliard which h ve undergo e t chn cal and scientific examina-














































 Lead white         
Vermilion        
Hematite         
Red lead         
Lead tin yellow I        
Pink lake
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objects that he painte n Fra e (P.154-1910, P.155-1910) an  a p tra n u k ow
an (E.1177-1988) stu ed i  his rticl . It i  c a cte s  by i ly wo k d and f lly
mo elled fle t s achi ve  by pply g m y yer f pa t. T e an lys s ho ed  
lead whit  a  c rbon black at ix s a r d pi me t p ticl s typic l  e a-
tite and ver ilion. This i  also i  acc rda e it the i i gs   p r r it f He i III,
recently discovered and asso te  t  Hillia ’s o k i  Fr ce [20]. I t e s cond gr p
of objec s, cor spo di g t  his s ylistic c a ge ri g t e 1580s, th  fles  on  ap ar
al , wit  a pr ference for red lead s t e ai  red co po e t , alth ug  t e se of re  
lakes, now fa ed, cann  be r led u . Yell i ents, ch a  lea tin w n  -
thite, w r  lso iden fie , s l m mix it  az rit . 
The r sults r desc ib d Table 3 an  corr b rate what Hill a d esc b  i is
reatise. Lead wh t nd re le d w re i deed ma rials  ec mme e  t  u  for
the car a ion; i  the case f a pale complexion e s f t e  c mpone , s eti
mixed with a sm ll am u  of asti te (  te m at at  erio uld be un e st o
as lea ti  yellow [21,22]), wa  red ce , e ea  for sw rthy e, asticote d ochr
should be a d [15]. Similar mixture  a lso d sc b  by N ate, l h ug  h  s
not menti  th  use f mast cote [1]. A itio lly, sc tific a al ses r v al  the es ce
of vermilio , which was iscour e  y Hi lia an N ate h ir r t ses u wa
consisten ly e pl yed in t e f s  o es alys d.   
T e volume of the mo th was built up st rti  ith t  s ort brow li  p ted
at the cor ers (Fig re 1); v rmili n is mai pig t u d fo  h  lips uring t  Fre ch
p riod, er as from t 1580s, ink lak s d red l ad are p f rred. Th epa at li e
betw en upper a d lower lip co sisted o a red lake.  result  conf r e  wha  wa
written by Hilliar  and N rgate, as t  ma ri ls t se  r he uth ere lak , re  
lea , a d a w ite pigm [1,15]. Verm l  as ntifi  by scie t fic n yses a  
additio al pigm t prese t.  
e e es were i vestigated i  sever l r s: t  yelash li s, h li  ol , d h
inner corn r. Th  eyelas ey l d li s  g er lly i   bl ck o a i uted 
b own pigm nt, probably of org nic o igi and a tially f ded. A s c d, d k line c v
er d the first one nd was m de of ca b bla k nd w a  look lik organic brow p g-
m nt  (F gur 2a); on he l t  r i ,  s c l appe s  b  appli d y on  
yelash i e and t o  t  e elid fold (Figu 2b). Th o ly exc ption is o  E.1178 1988,
where the first lines ar  tr ced with a e m te ial. The pre nce f ey l sh s is show
only on the portr it of an unknown wo an (P.8 1945), wh re do s re paint d on
lower eyelash li e (Fig re 2b). 
Hillia d wr te th t t  outli s of t faci l feat es sh ul  be drawn by a fi e pencil
(to be understood as a brush) with a fai t ros  colour made of a lak  [15]; th s probably 
corresponds to the br wn lines of org nic origin s en during the analyses.  
The eyes’ inner corn r, when visible, is painted with a red material, the composition 
of which varies for each mi iat re.  
Table 3. Miniatur s by N chol s Hilliard which have u ergo e t chn cal and scientific examina-
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Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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bject t at h  pai t i  Fra c (P.154-1910, P.155-1910) a port it of an u k ow  
an (E.1177-1988) st t is ar i le. I  charac eris d b  i ly worke  a d lly
del  f es s, c ieved b  a p ying an lay rs of ai t. The nalyses showed a
ea  white  n bl ck at scatt r d w th re e t articles, ty icall  ema
e d v r io . This is als cc r a e wit  th find gs  p rtrait f Henri III, 
rec tl sc ver d s oci t  to Hi liar ’ w rk in Fr c [20]. In t  s c n  group 
f bj cts, rr sp ing o his s ylistic cha ge ri g th 1580s, t  flesh nes appe  
ale, wit  a prefere f  re  le  s t e mai  red c o en s, al g the us  of re  
ak s, n w f e , ann t be r le  t. Yel o  pig ent , su  a le  tin y ll w and -
, ere al i nt fie , el o  ixed i  z r e.
T e results r escrib in T bl  3 a  c r b r te hat Hilliar d cribed i  his
tr ati . L i nd r  l a e  e e erials he r comm n  to  for
th ar a i ; i t  case f a pale compl x o   u e of t e ed co po t, sometimes 
m xed i h a m l am u t of mas cote ( t m th t t t i p rio  s uld b  underst o  
s le  ye w [21,22]), w  r uce , w s for sw rthy o e, ma cote nd chr
sh u b  a [15]. S l r xt r s re also scrib by Norg te, althoug  e e  
t m t n the use f mas cote [1]. A iti a ly, sc tifi  a al se r v le  th  resence 
f ver ilio , hich a i co ra e by H ll rd a  Norga  in their treatises bu  
c n te tl  e l ye   th  fle t es a l sed.  
 v lu    o s uilt up st r i g it tw  sh rt brow  li  p inted 
t th (Figu e 1); v rmili is t e mai pi t used f r the ips ur ng the Fre ch 
e io , h ea fr m t e 1580s, p nk la es a  re  lea  ar  p rr . Th  s a tion lin
et e  p er a er lip c nsist  of a red la . T ese sul s c firmed what was
writ e  y Hill  n N r t , s the m te ia s t b se  f r he m uth were ak , r d 
ea , nd whit pig t [1,15]. V ili n s tifie scientific lyses as a  
a di i al p ment s t.  
T  y s i v s ig t d i seve l r s: the y  lin s, the id fold, a d  
i n r c r . e lash and y lid li s wer  ge r lly t ac d wit  bl ck r a dilu ed 
brow pigm , pr b bly f igin  rtia ly f ed. A sec nd, arke  line cov-
r d he fi t and as m d  of c bon black a d wh t lo ks like rganic rown pig-
ment  (F gu 2 ); o he ater rtr ts, the s cond lin ap rs to be applied on y on the
y l  lin  d ot o th  y lid f ld (Figure 2b). Th on excep io  s on E.1 78-1988, 
wh r  fi t li  re rac d with  r d m t l. T e prese ce of eyelashes i  show
nly on he portrait f a  nknow  oman (P.8 945), where do s re painted n the
lower ey l s  l e (F g  2b).
llia d rot  that th  out ine o the f cia  features should be drawn by a fine pencil 
(to b  u derstoo  as a brush) with a faint rose c lour made of a lake [15]; this probably 
c responds to the brown lines of organic origi  seen during the analyses.  
The eyes’ inner corn r, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by N holas Hilliard which have undergone technical and scientific examina-
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bjects that h painted  Fra c  (P.154-1910, P.155-1910) an  po tr it of a  unkno n 
an (E.1177-1988) st died in this rticle. I  i cha a t rised by ighly wo ked and fully 
modell fl sh one , a hieved by pplying many l ye s of paint. The nalyses sho d a 
l ad wh te nd n b ack ma rix scatte  ith red i e t p rticles, ty icall  he a-
tite verm lion. Th  is lso in ac ordanc  with the findi gs a port ait of Henri III, 
rec tly discov red  ass ci t t Hil iard’  work i  France [20]. In the secon  group 
of obj c s, corr spon ng t  his stylis ic hange during the 1580s, t  fles  t n s appe r 
pale, it  a pr fe enc  for r  lead s the mai  d c ponents, a thoug th  use of red 
lak s, no  f e , can ot b  rule  t. Yello ig ents, such a  lead tin yello  d goe-
ite, e e also ide tified, sel ixed with azurit .  
Th results ar  describ  in Table 3 an  corrobo ate ha Hilli rd cribed i  i  
treati e. Lead i e nd red lea  w  in e  the terials e r co mend  t  se for 
t e carnati n; in the case f a pale complex on the use of th  re  compo en , sometim  
mixed w th  small am unt f asticot  (a t rm that t t i erio sho ld be under tood 
 lea  tin yellow [21,22]), wa  reduced, w ereas fo  a s r y on , ma tico e and chr  
shoul  be ad ed [15]. Si il r ixtur s are lso escribed by Norg te, alth ugh  doe  
n t m ti n the us  of mast cote [1]. Additi n lly, scient fic analyses r vealed th  presence 
of vermili n, which was i couraged by H lli rd and Norgat in th ir tr atises but w s 
c nsistently e plo ed i  the fle h tones an ly d.   
h  volu  of th  outh as built u  st rtin  with t  hort own line  aint  
at the n  (Figu  1); v milio  is the ain pig ent d for the lips during the French 
perio , whereas from t  1580s, ink lakes a  e  lead are pre rred. Th  s par tio line 
et ee  u er nd lo er l p consisted of a re lak . T es re ults confirme  what was 
written  Hilli rd an Norgate, a  th  material  to be used fo  the mouth were lake, red 
lead, and a white pigm nt [1,15]. Ver ilion was d tif ed by sc entific an l ses as an 
a ditional pigm nt present.  
he eyes re i v sti at d in s v ral re s: the y l sh line , th  li  fold, an th  
inn r corner. The eyelash nd eyeli  i es wer  g rally tr ed ith  black or a il ted 
br w  pig e t, pro ly  o ga c igi  d p rti lly fa ed. A sec d, rk  line c v-
er d t f t one and as m e of carb black and w t lo ks like org ic row  pig-
m nt  (Figu e 2 );  t  lat r rtr its, t  s c  li e app s to be applied nly o  t  
eyela  line and ot on the yelid fold (Figur 2b). Th  ly exc pti n i  o  E.1 78- 988, 
wher  t fir t li  re tr ced with  d m t r l. Th  resen  f eyelash s i sho  
nly on h  p rtrait of a  unknown wo a  (P.8- 945), wh re do s are painted n th
l w r yela  e (Figure 2b). 
H lliard wrot  that the ut i of t e faci l fe tures should be d awn by a fine p ncil
(to b  u d sto d a   brush) with a f i ose colour made f a lake [15]; this p obably
corr sponds to the brown l n s of organic origin s n during the analyses.  
T e eyes’ inner corn r, when is ble, is paint d wi h a red material, the composition 
of which varies for each miniatur .  
Table 3. Miniatures by N cholas Hilliard which have undergone technical and scientific examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
Carbon black
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objects that he painted in Fra ce (P.154-1910, P.155-1910) and a portr it f an unkn n
m n (E.1177-1988) studi d in t is article. It i  c a cter sed y ighly w ked n  fully
modelled flesh tones, a hi ved by pply ng many l yers f pai t. The analy s show d a 
l ad white nd carbo  bl ck matrix scatte  th ed igment articles, typi lly h a-
tite and vermili n. Th s is als i  accor ance wi h the fi dings n a portr it f H nri III,
rec ntly discovered d associate  to Hil i r ’s ork in F an e [20]. I  the se n group
of objects, corr s ond ng to hi  stylistic ange uri g th  80s, the flesh to es ppear 
pal , ith  prefe nc  f r r  lead s the m in  o ponents, alth ug  t  use of r d
lakes, no  faded, ca ot b  rule  out. Y llow igm n , uc  as lead tin llow nd goe-
ite, were lso identified, seldo  mix d with az rit .  
The results are de cribe  in Table 3 and co roborate what Hilli rd d s ribe  in hi
treatise. Lead whit  and red lea  we e i de d the m terial  e reco me d d  u e for 
t e c rn tion; i  the case of a pale co plex on the us  of th  red compone t, som tim
mixed w th a small amou t f sticote (a t rm that at this p rio  hould be und too
as lead tin yellow [21,22]), was reduced,  for a w rthy on , a tic te and ochre
should be added [15]. Si il r ixtures a e a so d scribed by Norg te, although do  
n t mention the us  of asticote [1]. Additi ally, sc nt fic analyses reveal th  pr s nce
of vermilion, which was discour ged by H lli d and No te in th ir t eat ses b t was
consistently emplo d in the f e h tones an lysed.   
The volume of the mouth w s built up starti g with t o hort brow  lines p nte
at he corners (Figu  1); ve milion  the in pigment d for h  lips ur ng th Frenc
period, whereas fr m t 1580s, pink lakes and r d lead ar  preferred. Th paration li e
bet ee  u per a d lo  l p consist  of  r  l k . T e  r ult  confir d w at s
writt n b Hilli rd and Norgate, a  th  ma e ials to b  us d  the uth were lak , d 
lead, and a white p gment [1,15]. Ve mi ion as d tified b  sc en ifi  anal ses as an
ad itional pigm nt pr nt.  
T e ey s w re i v sti at  i  several r a : th  eyelas li s, t ey lid f l , a the 
inner corn r. T ey lash nd eyelid li s we  g ally t e i  bl ck r a di u e
brow  pi me t, pr ably  o ga  origi d a i lly f . A s c d, d k r l n  c v-
r d  fi st e and was ma e of ca b b ck a w at lo ks like org ic brow  pig-
ments (Figure 2a); on t  lat r port it , t  sec n  line app s t be appli d only  
eyelash lin and no n th yelid fold (Figu 2b). Th  ly xc ption i  n E.11 8-1988, 
where the first lin s are traced with  red m ter . T  pres n  f eyel s s is shown
only on th  p trai of a  unknow w m  (P.8-1945), where dots are p inted n th
l w r eyela h line (Figure 2b . 
Hilliard wro th the outli s of e faci l features s ould be d awn by a fi e pencil
(to be unde tood as  brush) with a f int rose col ur mad  of a lake [15]; this pr bably
corresponds to the brown lin s of o ganic origin seen during the analyses.  
The eyes’ inner corner, when visible, is p int d with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nichol s Hilliard which have u dergo e t chn cal and scientific examina-
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objects that e painted n Franc (P.154-1910, P.155-1910) an  po trai f n known
an (E.1177-1988) s i d in t is r icl . It is c ara t ised y ig ly work d nd fully
mo elled fle h nes achi ved by pplying many l ye s of pa t. Th  nalyses sho ed a 
l ad whit  nd c bon b ack atrix scat ed ed igment ar icle typic lly he a-
tit  nd v l on. Th is lso n a rdanc  w th he findi gs o  a portrait of H n i III,
e tly iscov red nd as oc at  Hilli rd’ wo k Fran e [20]. In th  sec nd gr up
of objec s, cor po ing to his stylis ic change uring he 1580s, t e fl s  tone  app r
pal , ith pr fer nc  for r d le d s t e ain d o pone ts, although t  se of red 
lakes, no fa , cannot b r le  o t. Y llow pig nt , s ch as l d tin y llow a d go -
th te,  a s  ide tifi , s l o ix d with az rite.  
Th r sults r d sc ibed in Tabl 3 and c rob rate w at Hilliard escribe  i hi
re ti . Lead hi and red l d ere inde d materi ls h  r co ended to use for
he carna on; in t e cas  of a pal  complexion the use of th re co ponent, sometimes
mixe  w t  a small amou t of mas ote (  term th  t this e i  hould be u erstood
a  lea tin llow [21,22]), was red c d, r a f r a sw r y ne, ma tic te and chr
sh uld  add d [15]. Si ilar xtu es are lso described by No gate, lth ug   does
n m ti  t use of ast cote [1]. Add tio ly, sci ntifi  a aly es r v al  the pr s n e
of ver ili n, which was iscour e by Hi lia  and N rgat  in th ir treatise  but was 
c nsisten ly e l y d in he f sh tones an lysed.   
 v lum  f th uth  bu t u  starti  wi  tw s ort brown in s pai t
at the or ers (Figur  1); v rmil on is th  main pi ment u ed for t e lips uri g the French
p rio , wher a  from th 1580s, ink la s n r  lead are ferred. The e ration li e
betw en up er nd lo er lip consisted of a ed lake. The e r sults c firmed wha  as
wr tten by Hilli rd an  No g te, s th  material o b  used for t e outh were l ke, r
l a , d a hite pig  [1,15]. V milion as id i ed b  sc entific nal s s as n 
additi al pigm t prese t.  
The y s w r  i vestigated in s v r l r as: t  eyel sh li es, th y  f l , and e
inner cor er. Th  yel s nd y l lin s e g n r lly tra e  it   bl c  or a di ted 
b w pigm nt, pr b bly f org ic igi d p rtially f d. A c nd, d rke  line c v
r d the fir t n  nd s de of carb  bla k a d wh t lo k  l k  organic brow  pig-
m t  (F g r  2a); n th  l t  r it , t  seco d li appea s t  b appli d nly on t
eyelas  n  nd on yelid fold (Fig re 2b). Th o ly exc ptio is o  E.1178- 988,
where t e first lines are r d wi h red m t rial. Th  pr senc of ey l she is shown
only n he portrait f an unkn wn woman (P.8- 945), w er  dots are painted on the 
lower ey ash li  (Figur 2b). 
Hilliard wrote th  the ou lin s of e facial f at es s uld be d awn by a fine pencil
(to be und rstood a   brush) with a f t ose colour made f a lake [15]; this probably 
corr sponds to the br wn l n s of organic origin s e  d ring the analyses.  
The eyes’ inner cor er, when visible, is paint d with a red mater al, the composition 
f which varies for each miniature.  
Ta le 3. Miniatur s by Nichol s Hilliard which have un ergon  technical and scientific examina-
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obj ts th t he paint d in Fra e (P.154-1910, P.155-1910) an o tr it of an unkno n 
n (E.1177-1988) s d  in t s r i le. I is c a acterised by ighly wo ke  and fully 
ode led f esh one , achi ved by plying many lay r of pai t. Th  nalyses showe a
ead wh t n c bon black a i s at ed w th re  igm nt pa ticl s, typically he a
tite v r ion. This is also cc an e with th fi dings  a p rtrait f H nri III, 
c ntly dis over d n  sso iat d to Hilli r ’s w k in France [20]. I  the c  group 
of obj cts, corre po ding to his stylistic change uri g t e 1580s, t e fles  tones appea  
pale, ith a pr fer n  for red le  s the ain r d c pon s, alt ugh th  use f red 
lak s, no  f , cannot b  rule  o . Yellow pig en , such  le d tin ye ow n  goe-
thit , e e s  identified, el  ix d ith az rit .  
Th  re lts r  describ in Table 3 and c ob ra   Hilliard de cribed in his 
treati . L w i e nd red l a  ere e  the a erials h  r co men e  to u e for 
the carn tion; in t e c se f a pal compl x on t  use of th re  co pon t, s me im s
m xed with  all m unt of mas icote (  te m th at hi  period hould be u derstood 
as l a  n y l  [21,22]), wa  r duc d, wher as f r a rthy one, m sticote and chr s 
s ould b  dd  [15]. Simil r xtu e  are also des ribe  by No gate, lthoug  e do s 
not me ti  he us  of a t cote [1]. Ad tion ly, sc tific nalyses reveale  th  pr sence 
of ver ilion, h ch as iscou a by H lliard a d Norgat  in h ir treatis s bu
c siste l  plo ed in the fl h tone  analy d.   
e v lume f outh as u lt up st rti g wi tw  short brow  line  painte  
t th  orn rs (F gur  1); vermil o s th  m in pig t used f  th  lips uring the Fr nch 
erio , he a from t  1580s, p k lak and r d l ad are preferr . The sep ration li e
b t e n up e and l r lip consist  of a r  l k . These results confirmed what wa  
itten b  H lli d an  N rgate as the mat ia  to b used fo the mouth were ake, red 
l , a d a hi e pig nt [1,15]. V lion i ntified by scientifi  a al s s as an 
addi ional pi me t p es t.  
Th  ey s w r investigat d in s v r l ar as: t e ey ash lin s, th  y lid fol , and t
i n  cor r. T  ey l sh ey id i es wer  g r lly t ac d wit  a bl c  or a diluted
b wn p nt, prob ly f org n c rigin  p rtially f ded. A s c nd, d rker lin  c v-
ere  fi st  and w s m d  of a b  bl ck and w t lo ks lik rg ic brow pig-
m  (F gur  2a);  t  lat  p rt ait , the s con li  ppears to b ap lied only on th
eye s  li  nd ot on th  y lid f l  (Figur 2b). The onl  excepti  s on E.1178-1988, 
w re t e first lines ar  t c d with red m teri l. Th resence of eyelashes is shown 
nly on h  portr it f n nknow om  (P.8 945), wher  d ts re painted n the
lower ey l h  (F g r  2b).
Hillia d wr t th  t  utli s of the faci l f tures shoul  be drawn by a fine pencil 
(to be u der to d as  brush) with a faint ro e c lour made of a lak  [15]; th s probably 
c rresponds to the brown lines of org nic origin se n during the analyses.  
T e eyes’ i ner cor r, when visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mini tures by N chol s Hilliard which have undergon  technical and scientific examina-
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bjects th t e pai ted in France (P.154-1910, P.155-1910) and a ortr it of an unknown 
(E.1177-1988) st died in this rt le. It is c aracteri ed by highly worked and fully 
delle  f sh t nes, c i ved by app ying many layer  f aint. Th  analys s showed a
d white n on black atri  scat e e  with r pigment particles, typi ally he a-
tite d ver l o . Th s is also i  r ce wit   findings  a p rtrait f H nri III,
rec tly is overed nd ss i t d to Hilliard’s work i  France [20]. In the seco gr up
f obj cts, corr sp ding to h s stylistic hange duri g the 1580 , t e fles  t nes appear 
pal , ith  prefe nc for red lead s th  a red components, alt o gh he use f red 
k s, no  f e , a not be r l d t. Yello  pig e t , suc  a le d tin yell w and g e-
h e, wer  lso de tified, s l  ix th zurite.  
Th e l  r  e c i ed i Ta l  3 a  corroborate at Hilliard escribed i  hi
r ati e. Lead hi e an  red l a  ind e  t  m te i ls h  recommend d to u  for
the car tion; in t  cas  f pale c mpl xi n t  us  of t  red compon nt, s metim  
m xed with a sm ll unt f s icote (  rm th t t t i  eri d should be understood
a l ad tin y llo  [21,22]), w  educ d, whe s f r  rthy one, masticote a d chre
should b dd [15]. Sim la ix es are a so escribed by Norg te, althoug e doe
t m nti n the u  f as ico e [1]. Addition lly, sci ntific analyse  rev aled th  presence 
of verm lion, hich as di c u a ed by Hillia d and Norgate in their treat ses but w
c s te t  pl d in the f esh tones ana ysed.   
vol  f e outh as built up start g with two short brow  lin s paint  
t h  r rs (Figur  1); ve mil o  h  mai  pi en  us d f r the li s uring t e French 
peri , wh rea  from t  1580s, pi k lakes an  r le d re preferr . The separatio  line
bet  uppe and l er lip consist  f a r d lak . The  sults confirmed what w s
ritten by H lli r  a  N rga , s the mate al  to b us d f  e mouth were lake, red 
e , an hit pig nt [1,15]. V r i o  as id ntifie  by scientific a alyses as a
d tional pi m  pr e t.  
he ey s er i ves igat d in sev r l ar s: t e y as  lin s, t  ey lid fold, and t  
i r c r . T  y l sh and e l  li  w r  g r lly rac  wit  a black or a diluted 
brow  pi nt, pr b bly f ic igi  n  rti ll  fa d. A second, darker line cov-
r d e fi t ne a d s m d  f c b  bl ck nd at lo ks lik ganic rown pig-
e t  (Figu 2a); o  t later rt i , t  second line app rs to e appli d n y on the 
y l s  lin a d o o  t  eyelid f l (Figure 2b). The only xception is on E.1178-1988, 
whe   fi st lin  r  trac d wit  r d m t al. T e pres ce of eyelashes is shown 
nly o  the po trai of a  unk ow wom  (P.8- 945), wher dots are painted on the
l wer y la h i e (Fig 2b . 
Hilliard wrote th  th  u lin s  th facia  fea res should be draw  by a f ne pencil 
(to b  un r too  as  brush) wi h a aint rose colour made of a lake [15]; this pr bably
c r pond  to the brown lines of ga ic o igin seen duri g th analyses.  
The eyes’ i ner corn r, h n visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Mi iatures by N holas Hilliard which have undergone techni al and scient fic examina-
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obj t  that he a nt  n France (P.154-1910, P.155-1910) an  a p t ait f an nknown 
an (E.1177-1988) s di  n s r i le. It i c aracteri e  by highly worked and fully 
mo e le fl h on s, c eve by pp ying an  ayers of pain . Th  analys s showed a 
lead whit and  black atr  sc red with d pigme t particles, typically hema-
ti e  ve il on. T i  is al o c d ce wit  t e findings  a p rtr it f Henri III, 
e ently is overed d a s ci t d to Hilli r ’s w k i France [20]. In the sec nd group 
of objects, co re p nding to h stylistic ha ge ring the 1580 , t e flesh t nes appear 
pal , w th a pr f c  for r d l  s th ai  re  c mponents, alt o gh the use of red 
lakes, no  f , c ot be uled . Yello  pig e t , s  as l d tin y llow and g -
thite, er  s  ide tifi d, l m ixe it zurite. 
Th  l  e sc ibe  i Table 3 an  c rrobo te hat Hilliard scribed in hi  
tr ti e. L a hite n r d a  re ed t mate ials e recommend d to use for 
the car t o ; in th  ca f  pal  c mpl xio th  use of the red pon t, sometimes 
mix d it  a s all m un  f m ic te (  m tha  at t i  p iod hould be understood 
a le  tin yell w [21,22]), w r duc , wh reas for a a thy one, ma ticot  nd chres 
shoul  b  dde  [15]. Si il  ix u  are also escribed by Norg te, although e doe  
t m nti n he us   masticote [1]. Ad tio ly, sci tifi  a lyses rev aled th  presence 
of ver ilion, hich was disco g by H lliard a d No gat in their treatis s but w s 
c nsisten l  ployed in h  fl sh tones anal sed.   
h v lum f e outh s u lt up s arti g ith tw  short brow  lin s painted 
t the orne s (Figu  1); vermil s he mai pi m t us d f r the li s uring t e French 
erio , w e a  from  1580 , i k l es an  red l d ar r ferr . The s aration line 
bet en u er a  o r lip con ist f a d l ke. The results co firmed what was 
w itt n by H iard a  Norgat , s the mat ia  to b  us  f e mouth were lake, red 
l d, an   white pig nt [1,15]. V r ilion wa i tified  scientific a alyses as an 
dd ti nal pi m  present.  
T y s r i v s ig ted s ver l r as: t e y la  li s, th  y lid f ld, and t  
ner c rn . Th y sh and l d lines wer gen r lly traced wit  a black or a diluted 
b w ig nt, r b bly f a i gi  rtiall  fa d. A s cond, darker line cov-
r d t e fi t n  a d m d  f c bo bl ck d wh t l k like ganic rown pig-
e  ( i  a ; o  the t r p r raits, t  second line app rs to b applied only on the 
y lin  d ot o t  yelid f ld (Figure 2b). The only exce tion is on E.1178-1988, 
w r  t  fi st l n s re t ac d wi  red m t ial. Th  pres ce of eyelashes is shown 
only n the po trait of  unk w  woma  (P.8- 945), wher  dots are pai ted on the 
lower y l li  (Figure 2b).
H lliard wr that the ou l nes of th  facial f at res should be draw  by a f ne pencil 
(t be und r tood as a brush) wi h a faint ro e c lour de of a lake [15]; th s probably 
c r spo ds to the brown lines of ga ic origin seen duri g th  analyses.  
T e eyes’ i n corner, wh n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mini tures by Ni holas Hilliard which have undergon  techni al and scient fic examina-
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objects that he painted n Fr c (P.154- 910, P.155-1910) and a po tra  u know
an (E.1177-1988) st i d in this rtic . It  c ar ct r sed by h g ly w rk d nd fully
mo elled f sh ton s achi ved by pplying m ny l ye s of p t. Th an lys s show d a
lead hit  and ca bo  black mat x c tt r d p g n pa icle typi lly e -
tite and vermilion. This i  als i  a cor a e w h t e fi d gs o  a portr t of n i III,
rec ntly discovered a d as oc ated to Hil ia ’s o k i  F ance [20]. I  the se n  g ou
of objec s, cor s o g o his sty istic c ang  uri g he 80s, th  fles  to pp r 
pal , wit   pr fe nc  f r r  lead th  main e  co po e , a though the s  f red
lakes, no fa ed, can ot b rul out. Y llo pig nts, suc  a  le d n y ll w d go -
te, w re also id fi d, s l om mix ith azur t . 
The r sults ar desc ibe Tabl 3 and cor b rate t Hillia d escrib in hi
reatise. Lea  hit and red lead were ind d a eri ls r co end d t u e for
t e car a ion; in t  case of  pale co plexion the s of th d c po e t, so ti
ix d w th a sma l amou t f m ti ot  (  r  th  thi peri  sho ld be u r too
as lea tin llow [21,22]), was red c , he s fo  a w rthy n , mast co  and och
should be add d [15]. S ilar ixtures are also escrib d b Norgate, l hough does
no  menti  the use f ast cote [1]. Addition ly, sci t fic an lyses r e l  th pres n e
of vermilion, which was discour ed by H li  a d N rgat in t ir r a ise  bu  was
consistently e pl yed n th  f esh t nes an lys d.   
The v lume of the mouth w built up starti  ith t o t bro l s p i t
at the corn rs (Figu e 1); ve milion is th ai pigment u d for the lips ur g th  F e c
p riod, wher as from th 1580s, nk lakes nd e l d are p ferred. The p rat o  line
t   l  li  i  f  r l ke. l  f   was
  li  r te, a  th  a rials to be used for th outh r  lak , 
lead, a d a w ite p gm  [1,15]. V m l o  was identi ied by sc tific analyse s an
additional pigm t pres t.  
T e eyes w r  i v stigat  i  sev ral r as: th  yel s  lin , t  e e  f ,  
inner corner. Th  eye  nd y l  li s wer e r lly tr ed w h  l c  r a dil te
b own pigm t, pro bly of orga ic o ig a d arti lly f d. A ec , ke line v
er d the first on  nd w s m e f carb bl k a  w t l oks lik orga ic br w p g-
m nt  (F gure 2a); n t  l t  r rait , t  s c li e app a s to be appl d o ly t
eyelash ne and on eyelid fold (Figure 2b). Th o y exc ption is on E.1 78 1988,
where the fir t li  are tr ced with a red m te i l. The pr senc  of ey lash sho n
only on th  p rtrait f a  u kn wn woman (P.8-1945), where do  are painted n the
l w r eyela  li  (F g r  2b). 
Hilliard wro th  the ou li s of the faci l f at s sh uld be d n by fin pencil
(to b  und stood as  brush) with a f i t rose l u made of a lake [15]; this probably 
corr spon s to the br wn lin s of o anic origin s n duri g the a alyses.
The eyes’ inner cor er, when visible, is p nt d it  a r d materi l, the composition 
of whic  varies for each mi iat re.  
Table 3. Miniatur s by Nicholas Hilliard which have un ergo  t chnic l and scientific examina-
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bj ts tha  he painte  Fra ce (P.154-1910, P.155-1910) an  po trait f an u kn n
an (E.1177-1988) s di  n t i rticle. I  i c r t r ed by ig ly w rk and ully
o e fl h on , ac i ved y app ying ny l y  of pa t. The nalys s howe  a 
l ad w te nd  b ck a rix ca t e ed pig nt particl s, typica ly h a-
tite ve o . Th  is ls i c ance wi h the fi di gs   p rtr it of H n i III,
c tly is ov r d  assoc at to Hilliard’  k i France [20]. I  th  seco  gr up
of obj c s, c r s ding to hi  stylis ic chang duri g t e 1580s, th  flesh t e ppear
pal , ith a pr f c  f r red le d s the in r  c pone t , alt gh t  us  of ed
lak s, no fa ed, cannot b  ul out. Y llow pig e ts, s ch as le d tin yellow  go -
t ite,  als  identified, s l ix wit  azurite. 
Th r s l s ar sc b in Tab 3 an  c rr borate ha Hi liard described in his
reati e. L a  hi  nd red l ad re e d m terials  r co m nd d to se for
the ar ion; in t  c se of  pal  c pl x o t u of th re  co pon nt, sometimes
ixe with small am  o ti te (a rm ha  t t i  eri d sh uld be u erstood
a  lea tin y l w [21,22]), was re c , whe eas f r a r y n , m ticote d ochr
sh ul  b  dd  [15]. Si il r ix u es are lso describe by No g te, lthough o s
m t h us of st cote [1]. A itionally, sci tific lyses r veal th  presence
of vermili n, ich w s iscou a b  H l r  n  Norgat  in thei tr atises but was 
c sistently e l e in he fl h to es analy ed.   
Th v lu e of outh was uilt u s arti g with t  s ort brow  lines paint
at the corn r (Figu  1); ver ilion s he mai  pig t u ed fo t  li s u i g t  Frenc
p riod, whe as from t 1580 , k lak s nd r d l  are p ferr d. Th  s p tion line
et en upp r  ow r lip c nsist  of a d l k . These r sults confirmed w at was
writt  b  H lli rd a d N rga  as th  ma ia  to b  used for th  mouth were lak , re
l , a d hit ig  [1,15]. Ve milio  wa d ntif ed y scientifi  anal ses s an
additional p gm t pres nt.  
he ey s w r i v s ig t d in sev l r s: the y lash lines, he id f l , d he
ner cor r. Th  y sh nd ey l i es w re rally tr d i h a bl c  or a ilu  
b wn p nt, pro ly f orga c igi n  p r i lly f d. A s c nd, d rke  lin v
r d fi t n  a d s m d  f b  bl k nd what o ks lik rg ic row  pig-
 ( e a ;  t  t p r its, t e s con li ap rs to b  appli d nly on the
eye  ine nd ot on t e yelid f ld (Figur  2b). The only xce ti n is on E.1178-1988,
w er th first s re t c d wi h  r d mat ial. Th resence f ey las s is show
nly n he portrait of  unk own woma  (P.8-1945), where dots are painted on the 
lower ey l sh  (Fig r 2 ). 
H lliard wr e th  t  utli s of the facial fe t s sh ld be drawn by a fine pencil
(t  be u de to d  a brush) ith a faint o e c l ur made f a lake [15]; this probably 
c rresponds to th br wn lines of o ganic origin s n during the analyses.  
T e eyes’ inner cor , when visible, is p int d with a red material, the composition 
of which varies for eac  miniature.  
T ble 3. Mi i tur s by N chol s Hilliard which h ve un ergone technical and scientific examina-
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Lead tin yellow I        
Heritage 2021, 4 FOR P ER REVIEW  2 
 
 
obj ts th  he pa ted n F a e (P.154-1910, P.155-1910) an portrait f an u kno n
an (E.1177-1988) studied n t s rt cle. I is char cte ised by hig ly w rk nd fully
mo el d fle h t n s, ac v d  app ying ny lay r  of pa t. The nalys s howed a
le d hit d c rbo bl k atr x scat d r d pig nt par icle , typ cally he a-
t ver ion. This is also in c r a c wit  the findi gs  p rtra t f H n i III,
c ntly s ove d d ass c at d to Hil iard’s w k i Fr nce [20]. I  the s c  gr up
f obj c s, c sp n  o h s tylistic chan e uri g th 1580 ,  fles  tone  appear
pal , ith  pr f c o  red l ad s th a  componen , a t o gh th  use of red 
ak s, no f , a t b r l ut. Yel ow pig e t , s ch le tin yellow n  goe-
e, r  also dentified, s l o  mixed w t zurite.  
The lt  sc b  in Ta 3 a d corroborat  h t Hi liard cribed i his
re tise. L ad hi and red l a  ind ed m te i ls reco m nd d to us  for
t ar on; in t c f  pale c l x n e u f the re  comp n n , som tim s
xed wi h m ll m unt f s ote (a t m t at at thi eri d shoul be un er tood
as lea tin ye low [21,22]), wa  educ d, whe s f r a r h  ne, mastico e d ochr
s ou d a d [15]. Si la ix r s a e also es rib d by Norga e, lthough  do s
n t me t h  us f cote [1]. Ad itionally, scient fi  al ses r veal the presence
of v r i ion, hich was d scouraged b  H liar  a d Norga e in th ir treatis s but was
c i t t y e pl ed in th  fl h tone  n sed.   
volu  e ou as built up starti g wit  tw  o t brow  li es p int
at the c r rs (Figure 1); v ilion is th ai  pig t u d f r the li s u i g t  French
i , wh r as f m t  1580s, i k l es d re l ad r  p fe red. The se aratio  lin
et n u p r a d l r lip nsist  of a re  l . Th  sults co firm d w at was
ritt n b Hi  Norga , th mate al  o b  u ed f   mouth w re lake, red
ea , a a whit  ig [1,15]. V il o  w s dentified b sc entifi  a al ses as an
d ional p gm  pr s t.  
 y s r  i ves g t  i  s v ral ar s: the y as  lin s, h yelid f l , d he
n r cor . T y l sh d ey l li es w r  n rally tr ce with black r a ilu d 
b ow  pigment, r b bly f igi  rtially f d. A s c nd, d rke  line cov
r  fi st e d s m  of b bl k a d w t looks k g ic brown pig-
t  (F gur 2a); n e lat r ort ai s, the s con li a s t  be ap li d nly o  
ey l h lin d ot on the yel  fold (Figure 2b). Th  only exce tion is on E.1178-1988,
wh the fi st li ar  trac d w  r d m t ri l. The pres nc  of ey lashes is shown
only on h  p trait of nknow woman (P.8- 945), where dots are painted n the
l w r ey la  l  (Figur  2b).
Hillia d wrot th th  u li s th  f ci  fea s sh ld be d aw  by a f ne pencil
(to b  u de sto  a  brush) i h a faint rose col ur m de of a lake [15]; this probably 
c respo d  t  th br w lines of g ic o ig  s en duri g th analyses.  
The eyes’ i ner corn , wh n visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Mi iatur s by N holas Hilliard which h ve un ergone techni al and scient fic examina-
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objects th t i t d n F a ce (P.154-1910, P.155-1910) an  portr it f an u known
n (E.1177-1988) s udied i t s r i le. I i c ar cte ise  by ig ly w rk nd fully
mo ell d fl sh , ach ved by plying many lay rs of paint. Th  alys s showed a 
ead wh t a d carbon bl k a ri sca red r d igment par icles, ty cally hema-
ti ve l on. This is also  a cor ance with th  findi gs on a p rtrait f Hen i III,
c ntly dis over d d a s c ated t Hilli rd’  k in Fr nce [20]. I  the sec nd gr up
of obj c s, or p ing to h stylistic han e uri g t  1580 , t  flesh tone  appear
pal , ith  pr f r c or r d l ad   ain r  mp n nt , alt gh the use of red 
lak s, no f , c ot b  r ed ut. Yello pigm t , such as l d tin y llow and goe-
thite,  s  ide tified, l  ix ith zurite.  
Th  r sult  ar sc ib in Ta l 3 an  c rrobo at wha Hilliard e cribed in his
re t s . Lead it  an red  re ind ed te ials h  reco mend d to use for
th c a ion; in th  case of a pal c pl xio  t e us of the re  co p nen , sometimes
ixed ith  ll am un f i te (  rm th t t thi  eri d houl be u erstood
a lea n e w [21,22]), w  r d c , wh reas for a r h  ne, ma ticote d ochr
houl   add [15]. Sim l  ixtu  a e also escribed by No ga e, lthough h  does
n t ment  the u  f s cote [1]. Ad tio ly, sci ntifi  alyses r v al d th  presence
of v r i ion, ich a di co age b  H liar  a d Norgat in their treatis s but was 
c ns s entl  e pl yed n h  fl sh tones a al ed.  
h v lu  f ou  s bu lt up s arti g wit  tw  s ort brow  li paint
at th  corne s (F g  1); v mil on is the mai igment us d  the li s uring t e French
p i , wh a f om t 1580 , p k a n r d l ad ar  e re . Th  se aratio  line
et en up r an lo  lip onsis f a lake. The e results co firmed what was
writt n by Hillia  N rgat , s t e m te ial  to b  u ed f e mouth were lake, red
le , a  i e p g [1,15]. V ilio  was id ntifie  b  scien ific a alyses as an 
d i nal pi m  p s t.  
ey s  inv s ig t d i sev r l ar s: t e y las  lin , t e yelid f l , and he
ner c r r. Th ye sh d e l d i es w r g n r lly tr c  wit  a black r a diluted 
b pig t, pr b y f ic igi a  rti ll f d. A s cond, darke  line cov
er d fi t e m d  f rbo bla k and h t lo ks k ganic brown pig-
me t  (  ; th  t r p r r its t  s cond li a p ars t  e appli d nly on the
yel  lin  d ot o the y li  f l (F gur 2b). The only xcepti n is on E.1178-1988,
where t e fi st l es ar tr ced wi h  red mat rial. Th res nce of ey lashes is shown
nly o  he portr it of n nkn w  oman (P.8-1945), wh r  d s are painted on the 
lower y l s n  (Figure 2b).
H llia d wr th t the u i e of th  facial f t es should be draw  by a f ne pencil
(t  b  u d rsto d as a brush) wi h a faint rose c lour m de of a lake [15]; this probably 
corr spo ds t the br w lines of g ic orig n s n duri g th  analyses.  
T e eyes’ i n  corn r, wh n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Miniatur s by Ni hol s Hilliard which have un ergon  techni al and scient fic examina-
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obj cts that he painted n France (P.154- 910, P.155-1910) and a po tr it a  u know
n (E.1177-1988) stu ied in this rticl . It i  c ar ct r s d by hig ly work d and fully 
mo elled fl h t n s, achieved by pplying many l ye f pai t. T e alys  how a 
l ad hit  and ca bon bl ck t x scatt r d i d p g t par icles, typi ally he a-
tite and v rmilion. This i  also in a cor an  with the findi gs n a portr  f n i III,
recently discovered and as oc ate to Hilli d’s o k in Fra ce [20]. In eco g oup
of objec s, cor spo i g t  his sty istic c ange uri g the 1580s, t e fl sh t n  ppea  
pal , ith  pr fere e fo  re  le d a th  main r d c mpo nts, alth ugh t  s  of re  
lakes, now f ded, c nn t b  ruled out. Yello pigm nts, suc  a  l ad n lo a d go -
hit , w re lso id n fi , s l o  mix ith azu it .  
The r sults ar  d c ibed Tabl 3 and corr b rat t Hillia d s ribe i hi  
reatise. Lead whit  and red le d were indeed m ri ls h r c ended  u  for 
the c r a ion; i  t e case of a pale complexion the s of t ed co pon t, so ti  
mix d with a small amount of m ti ote (  erm th t at this e i should be u stoo
as lea tin llow [21,22]), was red c , w e as for a swarthy ne, m t c e and och  
should be ad d [15]. Si ilar ixture  are a so escribed by No gate, al houg  h  oe  
n t menti  th  use of m st cote [1]. Ad itionally, scie t fic analyse r v le  the p es n  
of vermilion, which was iscourage  b  Hi  a d Norga  n t eir tr se b  
consistently e l yed in t e f esh ton s lysed.  
The volume of th  mouth w  built up starting ith tw ort brow l  aint  
t he corners (Figur  1); v rmilio  th  mai  pigment u d for th  l ps ur g th  Fr nch 
p riod, wher as from t  1580s, pink lakes n  e l d are ferre . The sep ation line
betw e  upper and low r lip con is e  of  ed lake. T e r sul s c nf r  hat w  
writte  by Hilliar  and N rgate, as the m e ials to be u fo  th  mouth re l k , r  
lea , a d a white pigm  [1,15]. V mi o  was entified y c e ific an ly es s a
additional pigm t pre e t.  
T e ey s wer  i vestiga e  in several ar s: th  yelash li the i  fo d, d he 
inn  corner. Th eyelash nd y l d li s e e gener lly ac  wit  l ck or a il t d 
b own p m nt, pr b bly f org ic o igi  d rtially f d d. A sec n , darke line c v
r d t e first one nd w s made of carb n b a k a d w t look lik  orga ic br w p g-
m nt (Figur  2a); on the lat  p tr it , h  s co d lin  app a  t b appl ed ly n the 
eyelash lin and ot n t  eyelid fold (Figur  2b). Th  o ly xc ption is E.117 88, 
where the first lines ar  tr c d with  ed mat ia . Th  pr senc  of ey l sh  is shown 
only on th  po rai  f an u kn wn wo n (P.8-1945), wher do s re painted n the 
lower eyel sh li e (Fig r  2b . 
Hilliard wrote th  the outli s of the facial feat es s uld be wn by f e pencil
(to b  under tood as a brush) with a fai  rose c l u  mad of a lake [15]; this pr bably
corresponds to the br wn l nes of organic origin s n duri g the a alyses. 
The eyes’ inner corner, when visible, is pa n d ith a r d materi l, the composition 
of which varies for each miniature.  
Table 3. Mi iatures by Nicholas Hilliard which have u ergone technical and scientific examina-
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bjects that he painted i  Fran  (P.154- 910, P.155-1910) an a po trait n u kno
m n (E.1177-1988) s udi d in this r ic . It is c r t r ed by ighly w ke and fully
m delled fl sh on s, ach ved by pplying ma y l y of pai t. Th nalys s showe  a
l ad wh t  a d c rb  b ck m t x scatte d w h red g nt rticl , typi ally he a-
tite  ver l on. Th i  ls n a c r an e wi  he findings o  a portra t f H n i III,
cently discov red a  ass ci t t  Hil i d’ ork in Franc [20]. In s c g oup
of obj c s, corr nd g to his sty istic c ang uri g t 1580s, the fles  t es ppe r 
pal , ith a pref enc  f  r  le th  ma  d co ponents, a t gh th  use of red
lak s, now f , can ot b  r le  o t. Y llow pigm n , s ch  le d tin llo a d g -
ite, e  s  id n fied, s l m ix wit  az rit .  
Th res lts r d c ib  Table 3 a d co r b r te ha Hill a d de cribed i  hi
treatise. Le d whi  and red lea  ere i de d the m rials e reco end d t  e for
t  c r tion; in t  case f a pal  co plexion the se of th e componen , someti
ix  w t  s all amou t f s icote (a term that t t s peri  uld be unde tood
 l ad tin yellow [21,22]), wa  reduc , whe eas for a war y on , ma tic e and och
shoul  be added [15]. Si ilar ixtu es are a so escribed by No gate, l hough e o
n t m ntion th  us of ticote [1]. Ad ti ly, sci t fic n ly es r v aled th pr sence
of vermili n, ich was discour ge by H l i d a  Norga in their treat se  bu was
c sisten ly e plo ed in he f sh t n s ly d.   
T e volu e of  mo th w  bu lt u  starti g wit  t o hort brown es p int
at he corner  (Figu  1); v mil o  th ai  pigme t f  he l ps uri g the Frenc
p rio , here s from th 1580 , pi k lak  a d ed l d ar r ferre . The pa tion li e
t e  u er a  lo r l p consis  of re l ke. T ese sults co f rmed at as
itten b Hilli r a  N rgate,  th  m eri l  to b  u d f the m uth were l k , re
l ad, a d a w ite p g nt [1,15]. V i on w  ide tif ed y sc ntific a l s as an
additional pigm t pre nt.  
T  y s w re inv stigat d in sev r l r as: t  y las  li s, th li  fol , d the
i ner c r er. h ey lash nd y l  i es were ge r lly ra  ith  lack or a di u e
b wn pi t, proba ly f org c origi  a d rti lly fad d. A s c d, darker line c v-
r  e first o e a d was m e of arb black nd w t lo ks l ke orga ic br wn pig-
m ts (Figure 2a); n t  lat  port it ,  s co  li e pp s to b ap lied o ly o  
eyela h lin and no on the yelid fold (Figur  2b). The o l  xcepti  is on E.117 88,
wh re th first li s r tr c d with r d m t i l. Th resenc  of eyelas s is show  
nly n th  p rai  of an u k ow  om n (P.8-1945), wher do s are painted n  
l wer ey la h (Fig r  2b . 
Hilliard wro th  the utli s of the faci l f tu es sh uld be d wn by a f e p ncil
(to be u d to d a  a brush) with a f ose col u  made f a lake [15]; this p bably
corr sponds to the brown lin s of o an c origin s  d ring the analyses.  
T e eyes’ i ner corner, when is ble, is p int d wi  a red mater al, the composition 
f which varies for each miniatur .  
Ta le 3. Miniatures by Nichol s Hilliard which have u dergon  technical and scientific examina-
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obj ct  th t e pai t d  Fran e (P.154-1910, P.155-1910) and a portrait an know  
n (E.1177-1988) s u i  i t s r icle. It i c r t sed by hig ly w k d and fully
o e le flesh on s, ach ve  y plying m ny l y s of pai t. Th  analys s showe a
l ad whit  d ca b  b a k t ix sca e re  ig t pa ticl s, typi ally he a-
tit  an  v ion. Th s i  ls c anc  wi   findi gs on a portrait f H n i III,
tly discov ed and asso ate t  Hilli d’ w k France [20]. I  th seco gr up
of objec s, c r i g to his stylis ic change uri g the 1580s, t fles  t e ppear 
pal , it  pr f re c  f r red le  as th ain re  c pone t , lt oug  t e use of red 
lakes, no fa , c nnot b  r l  o t. Y llow pig nt , su  a  lead tin y ow a d goe-
hite,  s  iden fi , eld  ix  wit  az rit .  
The r s lts r c be  Tab  3 an  c rr b rate hat Hi lia  described i hi  
reatis . L a  w it nd red l e i d m ial h  r commend d t  u e for
th  c rn on; in t e case of  pal  c plexion th se of th  c ponen , someti e
mixed it  a s all m u  of ma i ot  (  rm tha  at t is pe i  h uld be u erstood
a l a n ye low [21,22]), wa  r c , wher as for a w r y n , ma ticot  nd chre
shoul  b  dd  [15]. Simil r ixtu es are so scr be  by Norgate, lthough  do s 
t menti  t e u e of st cote [1]. Ad tio ly, sci tific alyses r veal d th  presence
of ver ilion, hich s disco ge by H li  a d Norgat  in heir eat se  bu wa
c sisten ly l e  in he f sh tones anal sed.   
 volume of the mouth s u lt up s rti g with tw s or  brown lines painte  
at h  o e s (Fig  1); v il o  t mai i me t us d for t  li s u ing t  Fr nc
p rio , h a from t 1580s, pink la e nd re l ad are ferred. The s aration line
bet en up er an  lo  lip con iste  of a ed l k . T es  results co f rm d w t w
tt n by H lli d No gate, as the m i s o b  us d fo th  mouth were lak , red 
l a , d  w ite i  [1,15]. V m on wa i entifi  b  sc ntific analyses as an 
a ditional pigme t pre e t.  
The ey s r inv s igate i  sever l rea : t  ey la  lines, e y lid f l , n  t
i ner corner. h eye ash n ey li lines w re e lly r ced i h a black or a ilut  
b pi ent, pr b bly f rg nic igi d arti lly f d d. A s c nd, dark line c v
r d t e fir t e and w s de f c b n bla k a d t lo ks lik rganic brow pig-
m  ( re a ;  t  lat r p r raits, t  secon li app ars to applied only on the
eye  li e d o o  t  y lid f l  (Figur 2b). The only xce tion is on E.1178-1988, 
w ere t e first l nes r t d wi h red m te ial. Th  prese c of ey las s is shown
nly on th  po r i  of a  nkn w  m  (P.8- 945), w er do s are p inted on the
lower ey sh l e (Fig r  2b .
H llia d wr th t t outli s of t e faci l f at s s l be drawn by a fine pencil
(t be und to d a   brush) ith a fai t o e c l ur made f a lak  [15]; th s pr bably
c r sponds to th br wn lines of o g nic origin s en during the analyses.  
The eyes’ i ner cor e , when visible, is p int d with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mini tures by Nicholas Hilliard which have un ergon  technical and scientific examina-
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Lead tin yellow I        
Heritage 2021, 4 FOR P ER REVIEW  2 
 
 
obj cts that he pai t n F an e (P.154-1910, P.155-1910) an portr it f an u known 
(E.1177-1988) studi d in th s rtic e. It is ch ct r sed by hig ly w k nd fully 
o elle  fl sh t s, ac ev d  p ying m ny layers f pain . The nalys s howe a 
l a  hi  a d  black atr x s at d r d pig t pa icl s, typ ally he a-
t e and ver io . T  is al o i  a cord c wit  e findi gs o  a p rtr it of H n i III,
rece t y iscover d d s at  to Hilliard’s o k i Franc  [20]. I  the seco gr up
of obj c s, sp in o h s tylistic cha ge ri g the 1580 , he fles  t n  appear
pal , t   pr fe ence fo  r l ad th  ain r d component , alt o gh the use of red 
k s, no fad , annot b  l ut. Y l w pigm nt , s  a lead tin y ow and go -
th e, r  l  d ntified, l m mixe wit zurit .
he lt e d i Tabl 3 a d c rr b rat at Hi lia d cribed i his
r tise. Lead whi nd ed l d w r  i d ed t m te ials h  reco mend  to u e for 
the c t on; in t e ca f  pal c pl x n t use of the re  p n , som tim s 
x i h all a unt f m s i ote (a te m t t at t is p ri  shoul be un erstood 
as lea  tin y l  [21,22]), w  re uc , w er s for  s a hy ne, masticot  and ochre
shou d b  a d [15]. Simil ixt s are a so escr be  by Norga e, lthough h  does 
t m nt  the se  tico e [1]. Additio ally, scie tific alyses r v al the pres n e 
of v r ion, hich wa disc e  by Hilli  and N ga e in heir tre t s s but wa
co i te l  pl e in th  f e h ton s an lys d.   
Th vol me   mout a  built up st rti g wit  tw  s ort brow  li s painte  
at h c r rs (Fig e 1); v r ili   th ai ig  us d f r t  li s du i g t  Fr nch 
p io , h r a  f m h 1580s, i k l kes  r l d ar p fe re . The s paration line
et e  u p r a d lo r lip consist  of a red lak . The  results confirmed w t w  
ritt  by Hill r an N rg te,  t  mate ial  to be u ed f r  mouth were lake, r  
, a d a it  ig e [1,15]. V mi o  was i e tifie  b  scientific a alyses as an
d tional pigm  pr e t.  
 ey s ere inv ig ted sev r l ar s: t e y a  li s, h  yelid fol , nd t
i co . Th ey lash el d li es were e erall  rac  wit  a black or a ilut d 
b o  pi ment, r bably f igi  a rti lly f d. A s c nd, darke  lin c v
e d t e first ne nd s made of c b bla k nd w at l ok k ganic row pig-
ent (F g 2a);  he later ortr it , the s con li e app ars t b applied only on the
y la h li  a d ot t  y li  fold (Figure 2b). Th  only xce tion is on E.1178-1988, 
whe  the fi s li re tr c d wit  red m t rial. The pr s ce of ey lashe  is shown 
only o  t  po r i  f  nk ow wom  (P.8-1945), where dots are pai ted on the
lower y l li (Figur  2b . 
Hillia d wr t th  u l es o th f ci feat s sh l  be draw  by a f ne pencil
(to b  to a  brush) i h a aint rose col ur de of a lak  [15]; th s pr bably
c r po ds t  th br w lines of g ic orig  s en duri g th  analyses.  
The eyes’ i ner cor , h n visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by N holas Hilliard which have un ergone techni al and scient fic examina-
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V rmilion      
Hematite        
Red lead         
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bje t  that aint  F a c  (P.154-1910, P.155-1910) an portr it f an u known
n (E.1177-1988) s udi  t s icle. I  is c r t r sed by ig ly w rk nd fully
mo e l fle h ones, ach ved by lying any laye s of pain . Th  nalys s showed a
l ad wh t a  c b n b ck at x sc t ed r igme t par icles, typ ally he a-
ti a ver lion. T is l o c nce wit  t e findi gs on a p rtr it of Hen i III,
c ntly dis ov red and c at t  Hilli rd’ k in France [20]. I  the seco group
of bj c s, cor p ing t  h  stylistic change ri g t e 1580 , e fl s  t n  appear
pal , ith  pr ference for r l d s the ain d c mpon nt , alt gh the use of red 
lak s, no f , can ot e r led u . Yellow pigm nt , suc  as lead tin y llow and goe-
hite,   id ntifi d, ld ix d wit  z rite. 
Th r lt  r e ib in Tabl 3 a d c r bo at  ha Hilliard cribed i hi
r tis . L a  w it n d l a re i d  te ials h  r c mend d to u e for
the car a ion; in t e cas  of  pal  c pl xion t use of th re  mp n n , sometim
ix it  s all amount f i te (a te m tha  at t is p i d h ul be un erstood
lea n l w [21,22]), w  r d c , wher as for a wa y ne, ma ticot  and ochr
h ul  b  dd  [15]. Simil r ix u  are so s ribed by No ga e, lthough h  doe
t ment  he use  m t cote [1]. Add tion ly, sci tific nalyses r v al d the presence
of v r i i , ich a iscour ge by H li a d N gat in their tre t ses but was
c sis e tl  pl in the f h to es analy ed.   
Th volu f ou  w s u lt u st rting wit  tw  s ort brow  li s painted
at h  cor s (Figure 1); v rmil o  the mai pigm t u d f  t e li s uri g t e French
rio , h ea  f om th  1580s, i k l k n r d l ad ar p fe re . The s paration line
et e  u er a  lo r lip con i te of a red l ke. The  results c nfirmed what w s
ritt n H llia d a  N rgat s the mat ia  b  u ed f r e mouth were lake, red
l , a  a white pig e  [1,15]. V r i io  a i e tif  b  scientific a alyses as an
tional pigm  p ent.  
 ey s e i v s igat d n s ver l ar s: t e ey las  li s, the yelid f l , and he
ner c rner. T ey lash and ey l i es were ge er lly rac  it  a black r a diluted 
b w e , pr ba ly f igi a  partially fad d. A s cond, darke  line cov
er d e first  d was m de f c bo bla k a d w t l k k ganic brown pig-
m (F g  2 );  th  lat p rtraits the second li app ars t be applied only on the
ey h lin d o n the y li  f ld (Fig r  2b). The only xce ti n is on E.1178-1988,
w re th fi st l es are t c d with  red mat rial. Th res nce of ey lashes is shown
nly n th  po r i  of n nkn w om  (P.8-1945), wher  d ts are pai ted on the
lower ey l (Fig re 2b .
Hillia d wrot th t t e u l s of th facial f t es should be draw  by a f ne pencil
(to be u d r to d a  a brush) wi h a faint o e c lour de f a lake [15]; th s pr bably
c rr spo ds t the br w lines of g ic orig n s n duri g th  analyses.  
T e eyes’ i n corn r, wh n visible, is painted with a red mater al, the composition 
f which varies for each miniature.  
T le 3. Mini tures by Ni holas Hilliard which have un ergon  techni al and scient fic examina-














































 Lead white         
V rmilion        
Hematite         
Red lead         
Lead tin yellow I        
V rmilion
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bj cts that painted  Franc (P.154- 910, P.155-1910) an  po trai  know
a  (E.1177-1988) studi d in thi rtic e. It i ch r t d by ig ly w k a fully
o elle fl sh on , ac ved by p lying many l y of pai t. The alys s how a
l ad wh t  and a  b ack ma x scat r d p par icle , typ ally he -
tit v lion. Th s i  ls in a anc  w h findi g  on a port a t of H n i III,
re tly discov red d as c at t  Hil ia ’ o k France [20]. In t e s co d g oup
of obj c s, cor s g to his sty is ic c a g uri g e 1580s, t  flesh t e ppe r
pal , with  pr f nc  f  r  le d t e m  r  co po e , a th ugh th us  f re
lakes, now f e , c n ot b r l  o . Y llow pigm n , such as le d tin y lo and g -
t te,  lso id n fi d, s ld  mix wit zurit .  
Th r sults r desc ib  T bl 3 and c rr b t ha Hilli d d i e in is
reati e. Lea  whi  and red l a  w r  ind d m i ls eco end  t  u e for
t e car a n; in t  case of  pale co plexion t e s of th r co p n n , s m ti
ix  w th  small amou f ti ote (  erm th t t t  pe i  h uld be u r too
a l a tin llow [21,22]), wa  red c , whe e f r a r y n , m tic  nd och
should be add [15]. Si il r xtu s are lso scrib d by Norg te, l hough o s
n  m nti  t  u of st c te [1]. A ditionally, sci t fic an lys  r v al d th p es e
of vermili n, which was discour g d by H iar  a N rgat n their r at se  bu was
c nsistently e l yed in  flesh t nes a lys d.   
T  volum  of e uth w s built u  st ti g ith t r  brown s p int
at the e s (Figu e 1); v milion is th ai  pi m t f r e l ps uri g th  Fre c
p rio , wher as from th 1580 , pi k lak s  e l ad ar p ferr . The pa ation li e
b tw e u per an  lo r l p o sis  of a ed l ke. Th s results f rmed at as
wr tt n by Hilli r and N g te, th  m erial o b  u e fo  the m uth were l k , r
lea , d a white p gm  [1,15]. Ve l o  was nti ie  y sc nt fic anal es as an
a ditional pigm nt p es nt.  
T e ey s er  i v stiga  i  sever l r as: t  las lin s, t e  f l , nd he
i ner corner. The eyelash nd y l i es w r g n r lly tr  i h  l ck or di u
b w  pig e t, pr ly of org c igi d rti lly f d. A sec nd, dark li e c v
er d first one nd s a  of carb n bla k a d w l ks l k organic r w  pig-
m nt  (F g e 2a);  t  lat p rtrait ,  sec l appe s t  appl ed o ly 
eyelas  ne and o o yelid fol (Figur  2 ). T  only excepti  is on E.117 88,
wher  t e first lin s r tr d wi h a red mat i l. Th r senc  f ey lash is shown
nly n th  p r rait f an unk wn m n (P.8 1945), w er do s are paint d n the
l wer ey a h  (Fig r  2b). 
Hilliard wro th t the u li s of  faci l fe t es s uld be w by a f e p ncil
(to be u de sto d a  a brush) with a f os col u  made f a lake [15]; this p obably
corresponds to the br wn l n s of o anic origin s  d ring the analyses.  
T e eyes’ inner cor er, when is ble, is p int d wi  a red material, the composition 
of which varies for each miniatur .  
Table 3. Miniatur s by Nich l s Hilliard which have un ergo e technical and scientific examina-














































 L ad white     
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Brown pigment
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bj cts that he p inted in Fr c (P.154-1910, P.155-1910) a p tr n nkno
m n (E.1177-1988) stu i d in this rtic e. It is c ar te s d by h ghly w k d and fully 
modelled flesh t n s a hi ve  by applying ma y laye f p t. T analy showe  a
l ad white nd ca bo  bl ck t ix s att e  w h  pi m t par icle typi lly e a-
tite and ver ilion. Th  i  als in ccor anc  w h the findings n a p rtr i of H n i III,
rec ntly discovered  as ociate   Hil i ’s ork i F ance [20]. In s co grou
of objects, corr s on g to his stylistic ange uri g he 1580s, th  flesh t s ppe r 
pal , ith  prefe nc  f r r  le d s t  m n d c pon n s, a h gh th us  f red
lak s, now fa , can ot b  r le  o . Y llow igm t , s ch as le d ti y llow  g -
te, were lso id n fi d, seld  mix with azu it . 
The results r de cribed Table 3 and corr b r t t Hil iar  s ib d in hi
treati e. Lea  it and red lea  w r  inde d the m r ls co n d e for
t e c r ti n; in the case f a pale co plexion the s of th  d c mpon nt, s e i
mix d w th a small amou t f asticote (a ter  t  at t  e i ould be un e too
s lea  tin llo  [21,22]), wa  reduc , w ea  f r a warthy o , astic  nd ochre
shoul  be added [15]. Si il r ixtures are also escribed by Norgat , alt gh d
n t m tion the use f asticote [1]. Ad iti nally, sc t fic nalyses r v al th  pre e 
f vermilion, which was discour ged by H l i d an N rga n th ir r t s s b was
consist ntly e ploy d i th  f h to s a lysed.  
 volu  of th m th w s built up st rti g with t o o t r w li p i te
at h   (Figu e 1); ve milio  th  main pigme   l s ur g th  Frenc
period, whereas from t 1580s, pi k lak s n  red l ad ar pref rr d. The par t on li e
et ee u per a d lo r lip consiste  of  r l ke. s re ul s c nf r d a  w
written b Hilli r and Norg t , a  th  m erials to b  us d f  t e ut  re l k ,  
lead, and a white p gm t [1,15]. Ve m o  as d nti ied y f  an l s n
a ditional pigm nt pre nt.  
T e yes were i v sti ated i  several reas: th  eyelas lin s th  fol , nd t e
inner corner. Th eyelash nd y li  li s wer g n r lly r e  wi h  l ck a il
brown p me t, pr bly o  org ic rigi d rti lly f d d. A sec , d k r n  c v-
r d t e fi st one nd w s m e of carb b ck a d w  lo ks lik  org ic bro  pig-
ment (Figure 2a); on t  l t  p r its,  s c  l ne app a  to b applied o ly o
eyela  n and on yel d fold (Figu 2b). T  o ly xception i E.117 88,
where t  first li s ar tr c d with a r d ma . Th pr sen  f eyel sh is s ow
nly on th  p rai  f a  unkn wn wom (P.8 1945), where do  re pa t d n th
l wer eyela h li e (Fig r  2b . 
Hilliard wro that the ou li s of t aci l f atu es s uld be d awn by a f pencil
(to be unde tood as a brush) with a fai t ros ol ur mad of a lak  [15]; th s pr bably
corresponds to the brown lines of o anic origin s en during the analyses.  
The eyes’ inner corner, when visible, is p int d with a red material, the composition 
of which varies for each mi iat r .  
Table 3. Miniatures by Nicholas Hilliard which have u dergo e t chnical and scientific examina-
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V rmilion      
Hematite         
Red lead         
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obj ts tha e a t in Fra e (P.154-1910, P.155-1910) portr i f an unknown
n (E.1177-1988) stu i i  t e. I is c ra t r sed by ighly wo k d and fully 
del d f h tones, achiev d by pplying ny l yer  of a . Th analys s s ow d a
 hit d c rb n black tr s at r d wit  r pig t pa icl s, ty i ly hem -
ti d ver li n. T is al o i cor a c w t  t e findings on a portr i  f H nri III,
ec ntly s vered  s i t   Hil iard’ ork i Franc  [20]. I  the seco d gr up
of bj cts, c r p n n to his tylistic h ge d ri g he 1580s, the fl sh t n s appear 
pal , t   pr f nc  fo  r le  s t ma   compon n s, ltho gh the us  of ed 
k s, now f de , t be r l d o t. Yel ow pig n s, such a le d tin y ow a  goe-
e, re ls  nti ie , s ldo mixed w th azurit .
Th r ul e cribed i  Tabl  3 d c rrob ate t Hillia d cribed in hi
tr ti e. Lea i nd red lea in d the m terial rec me d  to e for
he r ti ; i t ca  f p le com l xi n he u of th r d pon nt, som tim
m x wi a mall m nt m s i te (  t m t t t thi p i should be under too
a l a  tin y llow [21,22]), wa  uc , whe s f r a thy one, mastico  and ochr
houl  b a [15]. Sim la ixt r are a so escr b by Norgate, although he oe
t m nt  he us  mas icote [1]. Additionally, scient fic analyses reveal d th  pres e
of v r li , which a d c u g d by H li d nd N ga in hei t t s s but wa
c nsi t y ploy d in the f h to e a ys d.   
The volu  f th uth bui t up st rting wi  tw  ort brow lin p int
 h  c (F g  1); v mil  th i pig t f r  lips dur ng th Fr nch
pe io , here  from  1580s, l kes and re  l a  r p err . Th  s pa tion line
et u  a d lo l  co sist  of a red l . Thes su ts c nfirmed wh t w
written by H i r a Norga , a  the m t ria s o b  us d for the mouth were lake, r
, an a w it  pig t [1,15]. V rm o  wa d ti ie  b  sc entific a alyses as an
a dition l p m t pr nt.  
he ey s re i v s ig ted n sev al area : the eye ash li es, h  d fol , 
nn r c r . h ey lash n y  li  wer ge lly raced wit   black or a diluted
brow  pi me t, robab y f rg nic g n a arti ll  fad d. A s c d, dark r lin c v-
red e fi t e d w s m  of b bl ck a d what ok lik rganic brow pig-
e t (Fig 2 ); on he l ter rt i s, t  s con li e ap a s to b applied only o  
y l h nd o on ey lid fol (Fig re 2b). Th only xce tion s on E.1178-1988,
wher th  fi st i  are rac d wi r d m t ri l. The pr senc  f eyelash is show  
nly n th  p tr i f  nk ow w m  (P.8- 945), wh r  do s are p i ted n the
l w r y l h i  (Figur  2 .
H llia d wr t that t ou  he f ci  fea ures shoul  be d awn by a fine pencil
(to b  u e too  s a brush) with a faint rose colour de of a lak  [15]; th s pr bably
c respond  to the brown lines of org nic o igin seen during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature. 
Table 3. Mi iatures by N holas Hilliard which have undergone technical and scientific examina-
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bjects th t e i t Fra e (P.154-1910, P.155-1910) a po tr i f an unknown
(E.1177-1988) st this ticle. I  i c ra t sed by ighly work d and fully
m ell fle h on s, c eved by p ying many lay s of pai . Th nalyses showed a
l ad ite d c rb  b k tr x c ed wit  r d igm t par icl s, ty i lly hem -
ti  a ve on. T  is l o  a orda w t   findings o a portr it of H nri III,
re e tly is ov e a  s ci t Hil iard’ w rk France [20]. In the sec nd group
of obj c , corr sp g t  h stylis ic ha ge uri g h  1580 , the fl sh t nes appear
pal , with pr f c or r l ad s th  in e  co ponen s, a t o gh the use of red
lakes, no  f de , c n ot b r led ut. Y ll w pigm n , suc  s lead ti y llow and go -
te,  ls  i nti i , eld m ix wit  azurit . 
T r sults are crib  in Table 3 n  c rr b a t Hilliar  cribed in hi
tr t . Le i  n r d r  in d th  m t ials e r c mend  to u e for
c r t on; in t  cas f  p l  c mpl x on the use of th re  p n nt, som tim
mix w t  a s all mou  f m c te (a m th t t i p i d h uld be under tood
l a ye w [21,22]), wa r uc , wherea for a y one, m tico e and ochre
s ul be d e  [15]. Si ila  m x ur  e so escribed by Norg te, although he oe
m nti n t e us  m t cote [1]. Ad ition lly, sc ent fic analyses revealed the pres e
of v r ili , w ich s di co ag d by H llia d a d N gat in th i  tre t s s but was
consi tentl  pl y d n he f sh to es an ly d.
volum f e uth ui t up s rti g wi tw hor  brown lin p int
t he cor e s (Figu e 1); v mi i e ain igment f r the li s uring t  French
per o , wh from  1580 , pi k l kes and red le  ar pre erred. Th  s paration line
betw  u r an  low lip co si e of a d lake. The  r su ts c nfirmed what w s
wr tt n by Hilli d a No gat , t e material to b us f  e mouth were lake, r
l , a  a ite pig e t [ ,15]. V m ion w  i enti b sc entific a alyses as an
d ional pigm  p e nt.  
Th  ey s e i v s ig te  sever l ar as: the ey las  li es, th  ye d fold, a d
i ner corne . Th eye sh  l lines we ge r lly raced ith  black or a dilu ed
br i , pr bab y f a i igi a d rti ll f d d. A s c d, darker line cov-
re t e fi t o  d w   f rb n bl ck nd what l k like ganic brown pig-
m t ( i re ; on th  t r r its, t  secon  li e pp a s to be ap lied only  
y l s n d o n yelid fold (Figure 2b). Th onl xce tio  s on E.1178-1988,
wh re t e first lines ar r ed wi h red mat i l. The pr s nc of eyelashe is shown
only n th  p r i f a  nkn w om n (P.8-1945), w r  do s are pai ted n the
l wer y li  (F gur 2b .
H llia d wr  that the ou e of faci l feat res s ould be d aw  by a f ne pencil
(t b  unde tood a  a brush) wi h a faint ose c lour de f a lake [15]; th s pr bably
correspo ds to the brown lines of ga ic origin seen duri g th  analyses.  
T e eyes’ i n corner, wh n visible, is painted with a red material, the composition 
of which varies for eac  miniature.  
T ble 3  Miniatures by Ni holas Hilliard which have undergone techni al and scient fic examina-
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Figure 1. Detail of the mouth’s features on Hilliard’s P.8-1945. Figure 1. Detail of the mouth’s features on Hilliard’s P.8-1945.
The eyes were investigated in several areas: the eyelash lines, the eyelid fold, and the
inner corner. The eyelash and eyelid lines were generally traced with a black or a diluted
brown pigment, probably of organic origin and partially faded. A second, darker line
covered the first one and was made of carbon black and what looks like organic brown
pigments (Figure 2a); on the later portraits, the second line appears to be applied only on
the eyelash line and not on the eyelid fold (Figure 2b). The only exception is on E.1178-1988,
where the first lines are traced with a red material. The presence of eyelashes is shown
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the lower
eyelash line (Figure 2b).





Figure 2. Images of details on selected miniatures by Hilliard: a) eye on P.154-1910 and b) eye on P.8-1945. 
3.2. Isaac Oliver’s painting technique 
The flesh tones on all the miniatures analysed consisted of a lead white matrix scat-
tered with carbon black particles and red pigments added to obtain the desired hue, as 
previously seen with Hilliard. In Oliver’s case, red lead was the predominant red compo-
nent identified on the majority of the objects, whereas vermilion is the second most-com-
mon one (Table 4 and Figure 3a). A few exceptions are found where vermilion is the only 
red pigment present (on FM 3882, P.145-1910 and E.1177-1988) or the predominant one 
instead of red lead (on 630-1882). On a few miniatures, red lead is mixed with other pig-
ments, such as indigo, hematite, goethite, lead tin yellow type I, and possible yellow ochre 
(Figure 3b and Table 4). The absence of vermilion seems consistent on objects dated after 
at least 1610. 
The volume of the lips appears to be built in the same way for most of the miniatures 
and similarly to what is found on objects by Hilliard (Figure 4). Two dark modelling lines 
are present at the corners of the mouth. Red lead was used as the preferred pigment for 
the lips, and it is absent only in 4 out of 16 objects; it is sometimes mixed with a pale pink 
lake or vermilion. Vermilion was the predominant component on P.145-1910 and 630-1882. 
In one of the two portraits of young girls (P.146-1910), the lips consisted mostly of a pink 
lake and neither red lead nor vermilion was identified. In almost all the miniatures, a sep-
aration line between upper and lower lip is applied at the end of the painting process 
using a dark pink lake.   
To trace the lines of the eyelashes and eyelid, Oliver usually painted an initial 
red/pink line, which contains a mixture of black and red pigments, the latter preferably 
vermilion or hematite. A second, darker line was then painted over the first red one and 
was made of black particles only. This appears fainter on the eyelid lines and is usually 
visible only at the corners. The eyelashes are painted at the outer edge of the upper eyelash 
line—they are especially noticeable in the female portraits (Figure 5). Moreover, red lead 
applied between the eyelash and the eyelid lines is often visible.  
The inner corner of the eye, when painted, contained a mixture of red lead and ver-
milion. Sometimes, red lead alone was identified, and in one case, vermilion alone was 
seen. On P.11-1947, hematite is added to the mixture of red lead and vermilion, whereas 
on P.145-1910, the unusual mixture of hematite and indigo was seen.  
In conclusion, Oliver’s working technique for the flesh tones, the volume of the 
mouth and the eyes’ contour appears to be consistent for the whole period under study, 
and is characterized by a greater breadth of pigments employed. The presence of vermil-
ion on the artist’s palette only before ca. 1610 can provide the grounds for a chronological 
difference.  
Figure 2. I ages of details on selected iniatures by Hilliard: (a) eye on P.154-1910 and (b) eye on P.8-1945.
Hilliard wrote that th outlin s of the facial features should be drawn by a fine pencil
(to be understood as a brush) with a faint rose colour made of a lake [15]; this probably
corresponds to the brown lines of organic origin seen during the analyses.
The eyes’ inner corner, when visible, is painted with a red material, the composition
of which varies for each miniature.
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3.2. Isaac Oliver’s Painting Technique
The flesh tones on all the miniatures analysed consisted of a lead white matrix scattered
with carbon black particles and red pigments added to obtain the desired hue, as previously
seen with Hilliard. In Oliver’s case, red lead was the predominant red component identified
on the majority of the objects, whereas vermilion is the second most-common one (Table 4
and Figure 3a). A few exceptions are found where vermilion is the only red pigment
present (on FM 3882, P.145-1910 and E.1177-1988) or the predominant one instead of red
lead (on 630-1882). On a few miniatures, red lead is mixed with other pigments, such as
indigo, hematite, goethite, lead tin yellow type I, and possible yellow ochre (Figure 3b and
Table 4). The absence of vermilion seems consistent on objects dated after at least 1610.
The volume of the lips appears to be built in the same way for most of the miniatures
and similarly to what is found on objects by Hilliard (Figure 4). Two dark modelling lines
are present at the corners of the mouth. Red lead was used as the preferred pigment for
the lips, and it is absent only in 4 out of 16 objects; it is sometimes mixed with a pale
pink lake or vermilion. Vermilion was the predominant component on P.145-1910 and
630-1882. In one of the two portraits of young girls (P.146-1910), the lips consisted mostly of
a pink lake and neither red lead nor vermilion was identified. In almost all the miniatures,
a separation line between upper and lower lip is applied at the end of the painting process
using a dark pink lake.
To trace the lines of the eyelashes and eyelid, Oliver usually painted an initial red/pink
line, which contains a mixture of black and red pigments, the latter preferably vermilion or
hematite. A second, darker line was then painted over the first red one and was made of
black particles only. This appears fainter on the eyelid lines and is usually visible only at
the corners. The eyelashes are painted at the outer edge of the upper eyelash line—they are
especially noticeable in the female portraits (Figure 5). Moreover, red lead applied between
the eyelash and the eyelid lines is often visible.
The inner corner of the eye, when painted, contained a mixture of red lead and
vermilion. Sometimes, red lead alone was identified, and in one case, vermilion alone was
seen. On P.11-1947, hematite is added to the mixture of red lead and vermilion, whereas on
P.145-1910, the unusual mixture of hematite and indigo was seen.





Figure 3. Examples of flesh tones, (a) Raman spectra collected on FM 3902, dated 1605: (i–iii) red lead, lead white, and 
vermilion are detected; (b) Raman spectra collected on FM 3865, dated 1615: (i–iii) indigo, red lead, and hematite are 
detected, whereas vermilion is not found. 
 
Figure 4. Example of the mouth’s typical features on Oliver’s FM 3865. 
 
Figure 5. Image of FM 3868 under the microscope: the initial red line tracing for eyelashes and eyelid line is present, and 
the eyelashes are painted at the edge of the upper eyelash line Table 4. Miniatures by Isaac Oliver which have undergone 










































Figure 3. Examples of flesh tones, (a) Raman spectra coll cted on FM 3902, dated 1605: ( –iii) red lead, lead white,
and vermilion ar etected; (b) Raman spe tra collected on FM 3865, dated 1615: (i indigo, red lead, and hematite ar
d tected, whereas vermilion is not found.
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In conclusion, Oliver’s working technique for the flesh tones, the volume of the mouth
and the eyes’ contour appears to be consistent for the whole period under study, and is
characterized by a greater breadth of pigments employed. The presence of vermilion on the
artist’s palette only before ca. 1610 can provide the grounds for a chronological difference.





Figure 3. Examples of flesh tones, (a) Raman spectra collected on FM 3902, dated 1605: (i–iii) red lead, lead white, and 
vermilion are detected; (b) Raman spectra collected on FM 3865, dated 1615: (i–iii) indigo, red lead, and hematite are 
detected, whereas vermilion is not found. 
 
Figure 4. Example of the mouth’s typical features on Oliver’s FM 3865. 
 
Figure 5. Image of FM 3868 under the microscope: the initial red line tracing for eyelashes and eyelid line is present, and 
the eyelashes are painted at the edge of the upper eyelash line Table 4. Miniatures by Isaac Oliver which have undergone 










































Figure 4. Example of the mouth’s typical fe tures on Oliver’s FM 3865.





Figure 3. Examples of flesh tones, (a) Raman spectra collected on FM 3902, dated 1605: (i–iii) red lead, lead white, and 
vermilion are detected; (b) Raman spectra collected on FM 3865, dated 1615: (i–iii) indigo, red lead, and hematite are 
detected, whereas vermilion is not found. 
 
Figure 4. Example of the mouth’s typical features on Oliver’s FM 3865. 
 
Figure 5. Image of FM 3868 under the microscope: the initial red line tracing for eyelashes and eyelid line is present, and 
the eyelashes are painted at the edge of the upper eyelash line Table 4. Miniatures by Isaac Oliver which have undergone 










































Figure 5. Image of FM 3868 under the microscope: the initial r d lin tr cing for eyelashe and eyelid
line is present, and the yelashe are painted at the edge of the upper eyelash line Table 4. Miniatu es
by Is ac Oliver which hav undergon technical a d scientific examination Greyed-out cells indicate
that no analysis was carried out.
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Table 4. Miniatures by Isaac Oliver which have undergone technical and scientific examination. Greyed-out cells indicate
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objects that he painted in France (P.154-1910, P.155-1910) and a portrait of an unknown 
man (E.1177-1988) studied in this article. It is characterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a 
lead white and carbon black matrix scattered with red pigment particles, typically hema-
tite and vermilion. This is also in accordance with the findings on a portrait of Henri III, 
recently discovered and associated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to his stylistic change during the 1580s, the flesh tones appear 
pale, with a preference for red lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thite, were also identified, seldom mixed with azurite.  
The results are described in Table 3 and corroborate what Hilliard described in his 
treatise. Lead white and red lead were indeed the materials he recommended to use for 
the carnation; in the case of a pale complexion the use of the red component, sometimes 
mixed with a small amount of masticote (a term that at this period should be understood 
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres 
should be added [15]. Similar mixtures are also described by Norgate, although he does 
not mention the use of masticote [1]. Additionally, scientific analyses revealed the presence 
of vermilion, which was discouraged by Hilliard and Norgate in their treatises but was 
consistently employed in the flesh tones analysed.   
The volume of the mouth was built up starting with two short brown lines painted 
at the corners (Figure 1); vermilion is the main pigment used for the lips during the French 
period, whereas from the 1580s, pink lakes and red lead are preferred. The separation line 
between upper and lower lip consisted of a red lake. These results confirmed what was 
written by Hilliard and Norgate, as the materials to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigment present.  
The eyes were investigated in several areas: the eyelash lines, the eyelid fold, and the 
inner corner. The eyelash and eyelid lines were generally traced with a black or a diluted 
brown pigment, probably of organic origin and partially faded. A second, darker line cov-
ered the first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the later portraits, the second line appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only exception is on E.1178-1988, 
where the first lines are traced with a red material. The presence of eyelashes is shown 
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lower eyelash line (Figure 2b). 
Hilliard wrote that the outlines of the facial features should be drawn by a fine pencil 
(to be understood as a brush) with a faint rose colour made of a lake [15]; this probably 
corresponds to the brown lines of organic origin seen during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
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objec s that he pa ted i  France (P.154-19 0, P.155-1910) and a portr it of a  unknown 
man (E.1177-1988) studied in this article. It is haracterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a 
lead white nd carbon bl ck matrix scattered with red pigment particles, typically hema-
tite and vermilion. Thi  is also in accordance with the findi gs on a portrait of Henri III, 
recently discovered and ssociated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to h  stylistic change during the 1580s, the flesh tones appear 
pale, with a preferenc  for red lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thit , were also identified, seldom mixed with azurite.  
The results are d scribed in Table 3 and c roborate what Hilliard d scribed in his 
treatise. Lead white and red lead were indeed th  materials he recommended to use for 
the carnation; in the case of a pale complexion the use of the red component, sometimes 
mixed with a s all amount of masticote (a term hat at th s peri d should b  understood 
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres 
shoul  b  added [15]. Si ilar mixtures are also d scribed by Norgate, although he does 
no  mention the use of masticote [1]. Additionally, scientific analys s revealed th  pr sence 
of vermilion, which was discouraged by Hilliard and Norgate n their treatises but was 
co sist ntly employed in the flesh tones analysed.   
The volume of the mouth was buil  up start ng ith two sh rt brown lines painted 
at th  corners (Figur  1); vermilion is the main pigm nt used for the lips during the French 
period, whereas from the 1580s, pink lakes and red lead ar  preferred. The separation line 
between upper and lower lip consisted of a red lake. These results confirmed hat was 
written by Hilliard and Norga e, as th  materials to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigm nt present.  
The eyes were investigated in sever l areas: the eyelash lines, the eyelid fold, and the 
inner corn r. The eyelash and eyelid lines were gene lly traced with a black or a iluted 
brown pigment, probably of organic origin nd partially faded. A second, darker line cov-
ered the first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the late  portrait , the second lin  appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only excepti  is on E.1178-1988, 
w re the first lines r  traced with a red material. Th  pr sence of eyela hes is shown 
only on the portrait of a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilliard wrote that the outlines of the acial features should be drawn by a fine pencil 
(to b  understood as a brus ) with a faint rose colour made of a lake [15]; this probably 
corresponds to the brown lines of organic origin see  during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which vari s for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone tech ical and scientific examina-
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objec s that he p t d i  France ( . 4- , P.155-1910) nd a portr it of a  unknown 
man (E.1177-1988) studied in this article. It  haracterised by highly worked and fully 
modell d flesh tones, achieved by pplying many layers of p int. The analyses showed a 
lead white nd carbon bl ck matrix scattered with red pigment articles, typically hema-
tite a d vermilion. Thi  is also in accordance with the findi gs on a portrait of Henri III, 
recently discovered and ssociate  to Hilliard’s work in Franc [20]. In the second group 
f objects, corresponding o h  stylistic chang during the 1580s, the flesh tones appear 
pal , with a p ef renc  for red le d as the ain r d comp nents, although the use of red 
l k s, now faded, cann t be ru ed out. Y llow pigments, such as lead tin yellow and goe-
thit , were also identified, seldom mixed with azurite.  
Th  r ults are d scribed i  Table 3 and c roborate what Hilliard d scribed in his 
treatise. Lead white and red lead wer indeed th  materials he recommended to use for 
the carnation; in the case of a pale complexion the use f the r d component, sometimes 
mixed with a s all amount of masticote (  term hat at t s peri d should b  understood 
as lead tin yello  [21,22]), was r duced, whereas for a swarthy one, masticote and ochres 
shoul  b  added [15]. Si ilar mixtures a e also d scribed by N r ate, although he does 
no  mention the us of masticote [1]. Additionally, scientific analys s rev aled th  pr sence 
of vermilion, which was discourage  by Hilliard and Norgat  n their reatises but was 
co sist ntly employed in the flesh tones analysed.   
The volume of the mou h was buil  up start ng i h two sh rt brown lines painted 
at th  corners (Figur  1); vermilio is the main pigm nt used fo  the lips during the French 
p riod, whereas from the 1580 , pink lak s and red l ad ar  pref rred. The separation line 
between upper and lower lip consisted of a r d lake. These results confirmed hat was 
written by Hilliard and Norga e, as th  materials to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigm nt present.  
The ey  wer  investigated in sever l areas: the eyelash lines, the eyelid fold, and the 
inner corn r. The eyelash a d ey lid li s were gene lly traced with a black or a iluted 
brown pigment, probably of organic origin nd partially faded. A s cond, darker line cov-
ered the first one and was made of carbon bl ck and what looks like organic brown pig-
ments (Figure 2a); on the late  portrait , th  second lin  appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only excepti  is on E.1178-1988, 
w re the first lines r  trac  with a red material. Th  pr sence of eyela hes is shown 
only on the portrait f a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilliard wr te that the outlines of the acial featur s should be drawn by a fine pencil 
(to b  understood as a brus ) with a faint rose colour made of a lake [15]; this probably 
corresponds to th  brown lines of organic origi  see  during the analyses.  
The eyes’ inner corner, when visible, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Miniature by Nicholas Hilliard which have undergone tech ical and sc entific examina-
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obj c s that he p t d i  France ( . 4- , P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studied in this article. It haracterised by highly worked and fully 
modell d flesh tones, achieved by pplying many layers of p int. The nalyses showed a 
lead white nd carbon bl ck matrix scatter d with red pigment articles, typically hema-
tite a d vermilion. Thi  is also in accordance with the findi gs o  a portrait of Henri III, 
rece tly dis ov red and ssociate  to Hilliard’s work in Franc [20]. In the second group 
f objects, corresponding o h  stylistic chang during t e 1580s, th flesh tones appear 
pal , with a p f renc  for red l d as the ain r d comp n nts, although the use of red 
l k s, now faded, cann t be ru ed ou . Y llow pigments, such as lead tin yellow and goe-
thi , were also identified, seldom mixed with azurite.  
Th  r ults are d scribed i  Table 3 and c roborat what H lliard d scribed in his 
tr atise. Lead whit  and r d lead wer ndeed th  at rials he recommended to use for 
 rnation; in the cas  of a pale complexion the use f the r d co ponent, sometimes 
mixed with a s all amount of m stico e (  t m hat at t s peri d sh uld b  understood 
as lead tin yello  [21,22]), was r duced, whereas for  swarthy one, masticote and ochres 
shoul  b  dded [15]. Si ilar mixtures a e als  d scribed by N r ate, although he does 
no  mention the us of masticote [1]. Additionally, scientific analys  rev aled th  pr sence 
of vermil on, which was discour ge  by Hilliard and Norgat  n their reatises but was 
co sist ntly employed in the flesh tones analysed.   
The volume of the mou h was buil  up start ng i h two sh rt brown lines painted 
at th  corners (Figur  1); vermilio is the main pigm nt sed fo  the lips during the French 
p riod, whereas from the 1580 , pink lak s and ed l ad ar  pref rred. The separation line 
between u per and lower lip consisted of a r d lake. Thes  results confirmed hat was 
written by Hilliard and Norg e, as th  materials to be used for th  mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by cientific analyses as an 
additional pigm nt present.  
The ey  wer  investigated in sever l area : ash lines, the eyelid fold, and the 
inner corn r. The eyelash a d ey lid li s w re gene l y traced with a black or a iluted 
brown pigment, probably of organ c origin nd partially faded. A s nd, darker line cov-
ere the first one and was made of carbon bl ck and what looks like organic brown pig-
men s (Figu e 2a); on the late  portrait , th  second lin  appears to be applied only on the 
eyelash lin an  n t on the yelid fold (Figure 2b). The ly excepti  is on E.1178-1988, 
w re the first l nes re trac  with a red material. Th  pr ence f eyela hes is shown 
only on the portrait f a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilliard wr te that the outlines of the acial featur s should be drawn by a fine pencil 
(to b  understood s  brus ) with a faint r se colour made of a lake [15]; this probably 
cor esponds to th  brown l nes of organ c origi  see  during the analyses.  
Th eyes’ i ner corner, when vis ble, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Miniature by Ni ol s Hilliard which have undergone ech ical a d sc entific examina-
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w re the first l nes re tr c  with a red material. Th  pr ence f eyela hes is shown 
only on the portrait f a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hil ard wr te that th  o tlines f the aci l featur s should be drawn by a fine pencil 
(to b  understood s  brus ) with a faint r s  colour made of a lake [15]; this probably 
cor esponds to th b own l nes of or an c origi  see  during the analyses.  
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additional pigm nt present.  
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o ly  th p rtr t f  unk own woman (P.8-1945), where dots are painted on the 
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(to b  underst d s  b us ) with a f int r s  colour made of a lake [15]; this probably 
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objects that he painted n France P. 54-1910, P. 55-19 0) and po tra  f an u kn wn
an (E.1177-1988) studi in t is rticl . It is c ar teris  b  ig work d fu y
mo e led flesh tones, ac eved by applyi g ma y l yers of p int. Th  an lyses showed  
lead whit  and carbon black atr x sc tter d e pig particl , typi ly h ma-
tite and vermilion. This is also in a cor anc  w th th fi gs on a p r rait f He II,
recently discover d and a soc a ed to Hil ard’s w k in Fra ce [20]. In the sec nd roup
of objec s, cor spo ding to his styl stic chang during 1580s, the f s tone pp ar
pal , with a pr ference for red l ad as the mai  r comp n nt , lthough h  u e f r d 
lakes, now faded, cannot b ruled out. Y l w pig nts, such as l ad ti yel w nd go -
thite, w re also iden ified, ldom m x d w th zurite.  
Th  r ults desc ibe in Tabl 3 an  co robo e what Hill  esc ibe in hi
reatise. Lead whit  and red l ad were i deed mat rials h  r c m nd d t us for
the carna ion; n the case of p le co plex on th  use of he red co p nent, o eti s
mixed with a small amount of masti ote (a term t this peri d hou d b  u rst d
as lea tin yellow [21,22]), was red c , whereas fo  a swarthy n , masticot  and oc r
should be add d [15]. Similar m xtur s ar  also escribed by Norg t , lthough h  oes
not menti  the use of mast cote [1]. A d tion lly, sc ent fi  ana es r ve d th  p es n e
of vermilion, whi h was disc urag d b  Hi li r  and Norg i  t eir r atis bu  w s 
consistently e pl yed in t  fl s tones analy ed.  
The volum of the mouth was built up st r  w th tw  s ort brown lines p t d
at the co ners (Figure 1); vermilion is the ma  igm nt us d for th  lips uring th  F nch
p riod, wh r as from th  1580s, p k lak d r d l ad ar  p f r e . The p tion li
betw en upper and lower lip c sist d of a e  ake. Th s resul s conf ed wh w s
written by Hilliard and Norgate, s the ateri ls o be us d for the ou h l ke, r
lea ,  a wh e pigm  [1,15]. Vermilion was id t f e  by scientific analyses s  
additional pigm nt present.  
The yes w  i vestig t d i v al ar a : t i , t i f d, d h
inner corner. The yelash and eyel d lines were e e ally t ace  with bl ck  iluted
b own pigment, probably of o ganic igi and parti lly f d . A ec d, d ke  l c v
er d the fir t o e and was made of carbon bla k nd what looks lik rg nic b ow  pig-
m nt  (F gure 2 ); n the at r portr its, t e sec lin ppea  to be a pli d o l on t
eyelash lin  and ot on t  ey lid fold (Figure 2b). T e o ly xc ption i on E.1178-1988,
where the first lines are traced with a red material. The presence f ey lashes is sh
only on the portrait of an unknown woma  (P.8-1945), wh r  dots ar  painted on the
lower eyelash line (Figure 2b). 
Hilliard wrote th t he outlin s f t e fac al fe t es h d rawn by a fine pencil
(to be understood as a brus ) wit  a fain  ros  c lour made of a l k  [15]; thi  p b bly
corresponds to th  br wn lin  of orga ic o igi  en duri g t  analy s.
The eyes’ inner corn r, w e  v sible, is painted with red mater al, t e compo iti n 
of which varies for each miniature.  
Table 3. Miniatur s b  Nicholas Hilliard w ich hav  un ergone technic l and scientific ex min -
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objec s that he pa ted  Fr nce P. 54-1910, P. 55-19 0) and po tr  f a kn wn
an (E.1177-1988) studi in t is rticl . It is c ar teris  b  ig work d fu y
mo e le  flesh tones, ac eved by applyi g ma y l yers of p nt. Th  an yses showed  
lead whit  nd carbon bl ck at x s tter d e pig particl , typi ly h ma-
tite and milion. Thi  s also in a co anc  w th th fi gs on a p r rait f He II,
recently disc ver d and ocia ed to Hil ard’s w k in Fra ce [20]. In th sec nd roup
of objec s, cor sp ding to hi  styl stic chang duri g 1580s, t e f s tone pp ar
pal , with a pr ferenc for red l ad as the main r comp n nt , lthough h u f r d 
lakes, now faded, cannot b ruled out. Y l w pig nts, such as l ad ti yel w nd go -
t it , w re lso iden ified, ldom m x d w th zurite.  
Th  r ults d sc ibe in Tabl 3 an  c robo what Hill  sc ibe in hi
re tise. Lead whit  and red l ad were i deed mat ials h  r c m nd d t us for
the carna ion; n the case of p l  co plex on th  use of he red co p ent, eti s
mixed with a s all amount of masti ote (  term t th s p ri d h u d b  u rst d
as l tin yellow [21,22]), was red c , wh reas fo  a swa thy n , masticote and oc r
shoul  b add d [15]. Si ilar m xtur s ar  also scribed by Norg t , lthough he oes
no  menti  t e use of mast cote [1]. A d tion lly, sc ent fi  ana s r ve d th  p s n e
of vermilion, whi h was disc urag d by Hi li r  and Norg  t eir r atis bu  w s 
co sist ntly e pl yed in t  fl s tone naly ed.  
The volum of the m uth was buil  up st r  th tw s rt brown lin s p t d
at th  co ne s (Figur  1); vermilion i  the ma  igm nt us d for th  lips uring th  F nch
p riod, wh r as from th  1580s, p k lak d r d l ad ar  p f r e . The p tion li
betw en upper and lower lip c sist d of a e  ak . Th s resul s conf ed h w s
written by Hilliard and Norga , s th teri ls o be us d for he ou h l ke, r
lea ,  a wh e pigm  [1,15]. Vermilion was id t f e  by scientific analyses s a  
additional pigm nt present.  
The yes w  i vestig t d i v l ar a : t i , t i f d, d h
inner corn r. The elash d eyel d li es were e e lly t ace  with bl ck  iluted
b own pigme t, probably of o ganic igi  parti ly f d . A ec d, d ke  l c v
er d th fir t o e and was made of carbon bla k nd what looks lik rg nic b ow  pig-
m nt (F gure 2 ); n the at  portr it , t e sec lin ppea  to be a pli d o l on t
eyelash lin  and ot on t  ey lid fold (Figure 2b). T o ly xc pti  is on E.1178-1988,
w r the first lines r  traced ith  red material. T  pr sence f ey la hes is sh
only on the portrait of a  unknown woma  (P.8-1945), wh r  dots ar  painted on the
lowe  eyelash l ne (Figure 2b). 
Hilliard wrote th t he outlin s f t e ac al fe t es h d rawn by a fine pencil
(t  b  understo d as a brus ) wit  a fain ros  c lour made of a l k  [15]; thi  p b bly
corresponds to th  b n lin  of orga ic o igi  en duri g t  analy s.
Th eyes’ inner corn r, w e  v sible, is painted with red mater al, t e compo ition 
of which vari s for each miniature.  
Table 3. Miniatur s b  Nicholas Hilliard w ich hav  n ergone tech ic l and scientific ex min -
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objec s that he p t d  Fr nce . 4- 1 , P. 55-19 0) nd po tr  f a kn wn
an (E.1177-1988) studi in t is rtic . It  c ar teris  b  ig ork d fully
mo e l  flesh tones, ac eved by pplyi g ma y l ye s of p nt. Th  an yses showed  
lead whit  nd carbon bl ck at x s tter d e pig articl , typi ly h ma-
tite a  milion. Thi  s also in a co anc  w th th fi gs on a p r rait f He II,
rec ntly disc ver d and o ia e  to Hil ard’s w k in Fra c  [20]. In th sec nd roup
f objec s, cor sp ding o hi  styl stic hang duri g t 1580s, t e f s tone pp ar
pal , with a p f renc for red l d as the ain r comp n nt , lthough h u f r d 
l k s, now faded, cann t b ru ed out. Y l w pig nts, such as l ad ti yel w nd go -
t i , were lso iden ified, ldom m x d w th zurite.  
Th  r ults sc ibe i  Tabl 3 n  c robo what Hill  sc ibe in hi
re tise. Lead whit  and red ad wer i deed mat ials h  r co m nd d t us for
the carn ion; n the case f p l  co plex on th  use f he r d co p ent, eti s
mixed with a s ll amount of masti ote (  term t t s p ri d h u d b  u rst d
as le tin yello  [21,22]), w s r d c , wh reas fo  a swa thy n , masticote and oc r
shoul  b add d [15]. Si ilar m xtur s a  also scribed by N r t , lthough he oes
o  menti  t e us of mast cote [1]. A d tion lly, sc e t fi  ana s r v d th  p sen e
of vermilion, whi h was di c urag  by Hi li r  and Norg  t eir r atis bu  w s 
co sist ntly e pl yed in t  fl s tone naly ed.  
The volum of the m u h was buil  up t r  h tw s rt brow  lin s p t d
at th  c ne s (Figur  1); vermilion i  the ma  igm nt us d fo  th lips uring th  Fr nch
riod, wh r as from th 1580s, p k d red l ad ar  p f r e . The p tion li
betw en upper and lower lip c sist d of a ak . Th s resul s conf ed h w s
written by Hilliard and Norga , s th ter ls o be us d for he ou h l ke, r
lea ,  a wh e pigm  [1,15]. Vermilion was id t f e  by scientific analyses s an 
additional pigm nt pre nt.  
The y  w  i vestig t d i v l ar a : t i , t i f d, nd h
in er c rn r. The elash d ey l d li s were e e lly t ace  with bl ck  iluted
b wn pigme t, probably of ganic igi  parti y f d . A c d, d ke  l c v
er d th fir t o  and w s made of carbo  bl k nd what looks lik rg nic b ow  pig-
m nt (F gure 2 ); n the at  po tr it , t e sec lin ppea  to be a pli d o l on th
eyelash lin  and ot on t ey lid fold (Figure 2b). T e o l xc pti  is on E.1178-1988,
w r the irst li es r  trac ith  red material. T  pr sence f ey la hes is sh
only on the portrait f a  unknown woma  (P.8-1945), wh r  dots ar  painted on the
lo e  yel sh l ne (Figure 2b).
Hilliard wr te th t he ou lin s f t e ac al fe t es h d rawn y a fine pencil
(t  b  understo d as a brus ) wit  a fai ros  c lour made of a l k  [15]; thi  p b bly
corresponds to th  b n lin  of orga ic o igi  en du i g analy s.
Th eyes’ ner corn r, w e  v sible, is painted wi h red mater al, t e compo ition 
of which vari s for each miniature.  
Table 3. Miniatur b  Nicholas Hilliard w ich hav  n ergone tech ic l and sc entific ex min -
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obj cts t at he pa d n Fr nce . 4- 1 , P. 55-19 0) d po tra  f an kn wn
an (E.1177-1988) studi in is rtic . It c ar t ri  b  ig ork d d fully
mo e l  flesh tones, ac ev  by p lyi g ma y l y s of p nt. Th  an yses showed  
le d wh  nd c rb n black at x s tter d e pig articl , typi ly h ma-
tite  milion. This s also i  a co a c w t th fi gs on a p r rait f He i II,
rec tly dis v r d d a o ia e  to Hil ard’s w k i Fr c  [20]. In th sec nd roup
f objec s, cor sp di g o his styl stic ha g duri g t 1580s, t e f s tone pp ar
pal , with a p f rence for red l d as the ain r c mp n nt , lth ugh h u f r d 
l k s, n w faded, cann t b ru ed ou . Y l w pig nts, such as l ad ti yel w and go -
t i e, were lso i en ified, ldom m x d th zur te. 
Th  r ults esc ibe i  Tabl 3 n  co r bo what H ll  esc ibed in hi
r tise. L d whit  and r d ad w r deed at ials h  r co m nd d to us for
 rn ion; n the cas f p l  co plex on th use f he r d co p ent, eti s
mixed with a sm ll amount of masti o e (   t a is p ri  u d b  u rst d
as le tin yello  [21,22]), w s r c , wh r  fo   swa thy n , masticote and oc r
hould b dd  [15]. S milar m xtur s a  s escrib d by N r t , lthough he oes
ot menti  t e us of mast cote [1]. A d tion lly, sc e t fi  ana r v d the p esence
f vermil on, w i h was i c ur g  by Hi li  and Norg i t eir r atis bu  w s 
consistently e pl yed in t  fl s tone naly ed.  
T e volum of the m u h was b ilt up t r  w tw  sho t brow  lin s p t d
at the c ne (Figure 1); vermilion i  th ma  igm t s d fo  lips uring th  Fr nch
i d, wh r as from th 1580s, p k d ed l a ar  p f r e . The p tion lin
b tw en u per nd lower lip c sist d of a ak . T s r sul s conf ed wh w s
wr ten by Hilliard a d Norgat , s the ter ls o be u d fo h ou h l ke, r
lea ,  a wh e pigm  [1,15]. Vermilion was id t f  by cientific analyses as an 
additional pigm nt pre nt. 
Th y w i v stig t d i  v al r a : i , t i f d, nd h
in er c rner. The elash e l  li s w re e al y t ace with bl ck  iluted
b wn pigme t, pro ably of g c igi  parti y f d . A d, d rke  l c v
er th fi t o  and w s made of carbo  bl k nd what l oks lik rg nic b ow  pig-
m n (F gur  2 ); on the at r po tr its, t s lin ppea  to be a plied onl on th
yelash n  an  t on t yel d fold (Figure 2b). T l xc ption is on E.1178-1988,
wher  the irst l es are tr c ith  d mate ial. T e pr nc  f ey lashes is sh
only on the portrait f an unknown woma  (P.8-1945), wh r  dots ar  painted on the 
lo e  y l h line (Figure 2b).
Hil ard r te that h  lin s f t e f c l fe t e h d rawn y a fine pencil
(t be under t d s  brus ) wit  a fain r s c lour made of a l k  [15]; thi  p b bly
cor esponds to th b l n of or a c o ig  en du i g analy s.
Th eyes’ ner corn r, w e  v s ble, is painted wi h red mater al, the composition 
of which varies for each miniature.  
T ble 3. Mini tur b  Ni ol s Hilliard w ich h v n ergon  ech ic l a d sc entific ex min -














































 Lead white         
Vermilion         
Hematite        
Red lead         
Lead tin yellow I        
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obj c s t at he pa ed  Fr nce P. 54-1910, P. 55-19 0) d po tr  f a kn wn
an (E.1177-1988) studi in is rtic . It is c ar t ri b  ig ork d nd fully
o e le  fl sh tones, ac ev  by ap lyi g ma y l s of p nt. Th  an yses showed  
le d wh  nd c rb n bl ck at x s tter d e p g particl , typi ly h ma-
tite n  milion. Thi  s also i  a co a c w t th fi gs on a p r rait f He i II,
rec tly dis v r d d o ia ed to Hil ard’ w k i Fr c  [20]. In th sec nd roup
of objec , cor sp di g to hi  styl stic ha g d ri g t 1580s, t e f s  tone pp ar
pal , wi h a pr ferenc f r red l ad as e main r c mp n nt , lth ugh h u f r d 
akes, n w faded, cannot b r led ou . Y l w pig ts, such as l ad ti yell w and go -
t , wer  lso i en if ed, ldom m x d th zur te. 
he r ults sc ib in Tabl 3 n  c r bo what H lli  sc ibed in hi
r tise. L d whit  and r d ad w r deed at ial h  r co m nd d to us for
 rn ion; n the cas f p l  co plex on h us of he red co p ent, etim s
mix with s ll amount of masti o e (a  t a s p ri  u d b  u rst d
l tin yellow [21,22]), s r c , wh r  fo   swa thy n , masticote and oc r
houl b dd  [15]. S ilar m xtu s ar  s sc ib d by Norg t , lthough he oes
o  menti t e use of mast cote [1]. A d tion lly, sc e t fi  ana r v d th  p sence
f vermil on, w i h was i c ur g  by Hi li  and Norg t eir r atis bu  w s 
co sis tly e pl yed in t fl s tone naly ed.  
T e vol m of th m u h was b il  up t r  tw sh t brow  lin s p t d
at th c n (Figur  1); vermili n i  th ma  i m t s d for  lips uring th  Fr nch
i d, wh r s from th 1580s, p k d d l a ar  p f r e . The p ation lin
b tw en u per nd l w r lip c ist d f a ak . T s r sul s conf ed h w s
wr ten by H lliard a d Norga , s th ter ls o be u d fo h ou h l ke, r
lea ,  a wh e pigm  [1,15]. Vermilion w s id t f  by cientific analyses as an 
a ditional pigm nt pr nt. 
Th yes i v stig t d  v l r a : i , t i f d, nd h
in er c rn r. The lash e l  l es w re e l y t ace with bl ck   iluted 
b wn pigme t, pro ably o  g c igi  pa ti y f d . A e d, d rke  l c v
er h fi t o  a  w s made of carbo  b a k d what l oks lik rg nic b ow  pig-
m n (F gur  2 ); on the at  po tr it , t s in ppea  to be a plied onl on th
yelas n  an  t on th  yel d fold (Figure 2b). T l xc pti  is on E.1178-1988,
w r  the irst l s re tr ced ith  d m te ial. T e pr nc  f ey la hes is sh
only o the portrait of a  unknown woma  (P.8-1945), wh r  dots are painted on the 
lo e  y l h l ne (Fig re 2b).
Hil rd rote that h lin s f t e c l fe t e h d rawn y a fine pencil
(t b  under t d   b us ) with f in r s c lour made of a l k  [15]; thi  p b bly 
cor esponds t th b l n of or a c o ig  en du i g analy s.
Th eyes’ ner corn r, w  v s ble, is painted with red material, the composition 
of which vari s for each miniature.  
T b e 3. Min tur s b  Ni ol s Hilliard w ich h v n ergon  ech ic l a d scientific ex min -
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obj c s t at he p d  Fr nce . 4- 1 , P. 55-19 0) d po tr  f a kn wn
an (E.1177-1988) studi  is rtic . It  c ar t ri b  ig l ork d nd fully
o e l  fl sh ton s, ac ev by p lyi g ma y l s of p nt. Th  an yses showed  
le d wh nd c rb n bl ck t x s tter d e p g e articl , typi ly h ma-
tite  mili n. Thi  s als i  a co a w t th fi gs on a por rait f He i II,
rec nt y dis ver d d o ia e  to Hil ard’ w k i Fr c  [20]. In th sec nd roup
f objec , cor sp di g o hi  styl stic a g d i g t 1580s, t e f s  tone ppear
p l , wi h a p f renc f r red l d as e ain r c mp n nt , lth ugh h u  f r d 
k s, n f ded, cann t b r ed out. Y l w pig ts, such as lead ti yell w and go -
t , wer  lso i n if ed, ldom m x d th zur te. 
he r ults sc ib i  Tabl 3 n  c r bo what Hilli  sc ibed in hi
r tise. L d whit and red ad w r i deed at ial h  r co m nd d to us  for
he carn ion; n th case f p l  co pl x n h us f he r d co p ent, etim s
mix with ll amount of masti o e ( r  t a s p ri  uld b  u rst d
l tin yello  [21,22]), s r c , wh r  fo  a swa thy n , masticote and oc r
houl b add  [15]. S ilar m xtu s a  s s ib d by N r t , lthough he oes
o ment t e us of mast cot [1]. A d tion lly, c e t fi  ana s r v d th  p sence
f vermilion, w i h was i c urag  by Hi li and Norg t eir r atis  but w s 
c sis tl pl yed in t fl s tone naly ed.  
T e vol m of th  m u was buil up t r  tw sh t brow  lin s p t d
at c (Figur  1); vermili n i  th ma  i m t us d fo  lips uring th  Fr nch
i d, wh r s from the 1580s, p k d r d l a ar  p f r e . The p ation lin
b tw en upper nd l w r lip c ist d f a ak . T se r sul s confi ed h w s
wr ten by H lliard a d Norga , s th ater ls o be u d fo he ou h l ke, r
lea ,  a wh e pigm  [1,15]. Vermilion w s id t f d by scientific analyses as an 
a ditional pigm nt pr nt. 
Th y i v stig t d  v l r : t i , t i f d, nd he
in er c rn r. The lash e l  l s were e lly t ace  with bl ck   iluted 
b wn pigme t, pro ably o g ic igi  pa t y f de . A c d, d rke  l c v
er d h fi t o  a  w s made of carbo k d what l oks lik rg nic b ow  pig-
m nt (F gur  2 ); on the t  o tr t , t e s in ppea s to be a plied onl on the
yelas n  and ot on th ey l d fold (Figure 2b). T l xc pti  is on E.1178-1988,
w  the irst li s r  tr ce ith d m te ial. T e pres nc  f ey la hes is sh
o ly the portrait f a  unknown woma  (P.8-1945), wh r  dots are painted on the 
lo e  y l h l ne (Fig re 2b).
Hil rd r te that h in s f t e c l fe t e h d drawn y a fine pencil
(t b  under t d a  a b us ) with  f in ros c lour made of a l k  [15]; thi  p b bly 
cor esp nds t th b lin  of or a ic o ig  en du i g analys s.
Th eyes’ ner corn r, w  v sible, is painted wi h red material, the composition 
of which vari s for each miniature.  
T b e 3. Min t r b  Nicholas Hi liar  w ich h v n ergon  tech ic l and sc entific ex mina-
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obj cts t at h p d n Fr nce . 4- 1 , P. 55-1910) d po tra  f an kn wn
an (E.1177-1988) studi is rtic . It c ar t ri e b  ig l ork d nd fully
o e l fl sh ton s, ac ev by p lyi g a y l s of p nt. Th  an yses showed  
le h nd c rb n bl ck x s tter d ed p gme articl s, typi lly h ma-
tite  m l n. This s ls i  a co a w t th  fi gs on a por rait f He i II,
r c t y dis v r d d a o ia e Hil a d’s w k i  Fr c  [20]. In th second roup
f objec , c r sp di g o his tyl stic a g d i g t 1580s, t e f s  tone  appear
l , w h a p f rence for r d l d as th ain r c mp n nt , although h u  f r d 
k s, f ded, cann t b ru ed ou . Y l w pig nts, such as lead tin yellow and go -
t , wer  lso i n ified, ldom m x d ith zur te. 
The r ults  sc b i  Tabl 3 n  co r bo t what H lli  desc ibed in hi
r tise. L d whit an  r d ad w r deed at ial h  r co m nd d to us  for
 rn ion; n th cas f p l  co pl x on th use f he r d co p ent, etim s
ix wit mall am nt f masti o e (  at at is p ri  uld b  u rst d
s le tin yello [21 22]), w s r c , wh r  fo  swa thy n , masticote and oc r
hould b dd  [15]. S milar m xtur s a s s ib d by N r t , lthough he does
t m t e us of mas co [1]. A d tion lly, c e t fi  ana r v d the p esence
f vermil o , w i h was i c ur g  by Hi li and Norg t i t eir reatis  but was 
c sist n l pl yed in t fl s to naly ed.  
T e volum of th m u as built up tar  w tw  sho t brow  lin s p t d
at c e (Figu  1); v rmilion i  th ma  pigm t s d fo  lips uring th  Fr nch
i , w r s rom the 1580s, p k d d l a ar  p f r e . The p ation lin
b w n p r n l w r lip c sist d of a e ak . T es r sul s confir ed wh w s
r ten by H lliard a d Norgat , s th ater ls o be u d fo  h ou h l ke, r
le , a wh e pigm [1,15]. Vermilion was id tifi d by cientific analyses as an 
a ditiona  pigm nt pr nt. 
Th y i v stig t d i  v al r : i , the ey li f d, nd he
er c rner. The lash e l li s w r  e al y t ace with black   iluted 
b wn igme t, pro ably of g c igi  pa t y f de . A d, darke  l e c v
er h fi t  a  w s m e of arbo k d what l oks lik rg nic b ow  pig-
m n (F gur  2 ); n th t r tr ts, t s lin appea s to be a plied only on the
yelas n an t th y l d fold (Figure 2b). T l exc ption is on E.1178-1988,
whe  t i st l es are tr ce t  d mate ial. T e pr nc  f ey lashes is shown
o ly n the portrait f n unk own woma  (P.8-1945), where dots are painted on the 
lo e  y l h line (Fig r 2 ).
Hil rd r te that h  n s f t  f c l fe t e h d drawn y a fine pencil
(t b  und r t d  brus ) with f in r s c lour made of a l k  [15]; thi  pr b bly 
or esp n s to th b l n f or a c ig  en du i g analyses.
Th yes’ ne  corn r, w e  v s ble, is pai ted wi h red material, the composition 
of which varies for each miniature.  
T bl  3. Mi i r b  Ni ol s Hi l ar  w ich h v n ergon  ech ic l a d sc entific examina-
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obj c s t at p ed  Fr nce P. 54-1910, P.155-1910) d po tr f a  kn wn
an (E.1177-1988) studi is rtic . It i c ar t ri e b  hig l ork d nd fully
o e l fl sh ones, ac ev  by ap lyi g a y l s of p nt. Th  an yses showed  
le h nd c rb n bl ck a x s tter d red p gme particl s, typi lly hema-
tite n  m l n. T i  s lso i  a co a w t th  fi gs on a portrait of He i II,
r c tly dis v r d d o ia ed Hil a d’ w k i  Fr nc  [20]. In th second roup
of objec , c r sp di g to hi  tyl stic a g d i g t 1580s, t fl s  tone  appear
al , w  a pr ference f r r d l ad as main r c mp n nt , although h u  of r d 
kes, w f de , cannot b r led u . Y l w pig ts, such as lead tin yellow and go -
, wer  lso i en ified, l om m x d ith zur te. 
he r ults  sc b in Tabl 3 n  c r bo t what H lli  d scribed in hi
r tise. L whit a  r d ad w r deed at ial h  r co m nd d to us  for
e rn ion; n the cas f p l  co pl x on h us of he red co p ent, etim s
ix wit all am nt f masti o e (a  at at s p ri  uld b  u rst d
le tin yello [21 22]), s r c , wh r  fo  swa thy n , masticote and oc r
houl b dd  [15]. S ilar m xtu s a s s ib d by Norg t , lthough he does
m t e us of ma co [1]. A d tion lly, sc e t fi  ana s r v d th  p sence
f vermil o , w i h w s i c r g  by Hi li  and Norg t t eir treatises but was 
co sis ly e pl yed in t fl s to naly ed.  
T e vol m of th m u as buil  up tar  tw sh t brow  lin s paint d
at th c e (F gu  1); v m li n i  th mai  pi me t s d for  lips uring th  Fr nch
i , w r s rom th 1580s, p k d d l a ar  p f rre . The p ation lin
w en p r n l r lip c ist d f a e ak . T es r sul s confir ed ha w s
r ten by H ll ard a d Norga , s th ater ls o be u d fo  h ou h er l ke, r
le , a wh e pigm [1,15]. Vermilion w s id tifi d by cientific analyses as an 
a ditiona  pigm nt pr nt. 
Th y s i v stig t d  v al r : i , the ey li f d, nd he
er c rn r. The lash e l l es w r  e l y t ace with black o   iluted 
b wn igme t, pro bly o g c igi  pa t y f ded. A se d, darke  l ne c v
er h firs   w s m e of arbo b a k d what l oks lik rg nic b ow  pig-
m n (F gur  2 ); n th at r t , t s in appea s to be a plied only on the
y las n an t th y l d fold (Figure 2b). T  l exc pti  is on E.1178-1988,
w er  t i st l s r  tr ce t  d m te ial. T e pr nc  f ey la hes is shown
only o the p rtr it of  unk own woma  (P.8-1945), where dots are painted on the 
lo e  y h l ne (Fig r 2 ).
Hil rd r te that t  n s f t  c l fe t e h d b drawn y a fine pencil
(t b  und r t d  b us ) with f in r s c lour made of a l k  [15]; thi  prob bly 
or espon s t th b l n f or a c ig  en du i g analyses. 
Th yes’ ne  corn r, w  v s ble, is pai ted with red material, the composition 
of which vari s for each miniature.  
T b  3. Mi r s b  Ni ol s Hill ard w ich h ve n ergon  ech ic l a d scientific examina-
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Vermilion      
Hematite      
Red lead       
Lead tin yellow I      
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obj c s t a p d  Fr ce . 4- , P.155-1910) d po tr f a  kn wn
an (E.1177-1988) studi is rtic . It  char t ri e b  hig l ork d nd fully
o e l  fl sh ones, ac v by p lyi g any la s of p nt. Th  an yses showed  
le d h nd c rbon bl ck x s ttered red p gme articl s, typic lly hema-
tite  m li n. T i  s als i  a co a w t th  fi gs on a portrait of He i II,
ec t y dis ver d d ia e Hil ard’ w k i  Fr nc  [20]. In th  second roup
f objec , c r sp di g o hi  styl stic a g d i g t 1580s, t e fl s  tone  appear
l , w  a p f rence f r r d l d as ain re c mp n nt , although h u  of red 
k s, f de , cann t b r ed ut. Y l w pig ts, such as lead tin yellow and goe-
, wer  lso i n ified, l om m x d ith zur te. 
h r ults  sc b i  Tabl 3 n  c r bo at what Hilli  d scribed in hi
r tise. L whit a  red ad w r i deed at ial h  r co m nded to use for
 carn ion; th cas f p l  co pl xion h us f he r d co po ent, metim s
ix wit all m nt f masti o e ( r  at at s p ri  uld b  u rsto d
le tin yello [21 22]), s r c , wh r  fo  a swa thy n , masticote and oc r
houl b add  [15]. S ilar m xtu s a e s s ib d by N r t , lthough he does
o m t e us of ma co [1]. A d tion lly, c e t fi  ana s s r v d th  p sence
f vermilion, w i h w s i c rag  by Hi li and Norg t their reatises but was 
c si tl pl yed in t fl s to naly ed.  
T  vol m of th m u was buil up tar g tw sh t brow  lin s paint d
at c e (F gu  1); v m li n i  th mai  pi me t us d fo  lips uring th  Fr nch
i d, w r s rom th 1580 , p k d red l a ar  p f rre . The pa ation lin
w en pp r n l r lip c ist d f a lak . T ese r sul s confir ed ha w s
r ten by H ll ard a d Norg , s th ater ls o be u d fo  he ou h er l ke, r
le ,  a wh e pigm [1,15]. Vermilion w s id tifi d by scientific analyses as an 
a ditiona  pigm nt pr t. 
Th y i v st g t d  v al r : the ey l sh i , the ey li f d, nd he
er c rn r. The lash e l  l s were er lly t ace  with black o   iluted 
b wn p gme t, pro bly o g c igi  pa t y f ded. A s c d, darke  l ne c v
er  h firs   w s m e of carbo k d what l oks lik rg nic b own pig-
m nt (F gur  2 ); n th t r t , t e s n in appea s to be a plied only on the
elas n and ot t ey l d fold (Figure 2b). T  l exc pti  is on E.1178-1988,
t i st li s r  tr ce th d m te ial. T e pres nc  of ey la hes is shown
o ly the p rtr t f  unk own woma  (P.8-1945), where dots are painted on the 
lo e y h l ne (Fig r 2 ).
Hil d r te that t  n s f t e c l fe t e h u d b drawn y a fine pencil
(t b  und r t d   b us ) with  f in ros c lour made of a l k  [15]; thi  prob bly 
cor esp s t b lin  f or a ic ig  en du ing analyses. 
Th eyes’ ner corn r, w  v sible, is painted wi h red material, the composition 
of which vari s for each miniature.  
T b  3. Mi r b  Nicholas Hi l ar  w ich h ve n ergon  tech ic l and sc entific examina-
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Vermilion       
Hematite       
Red lead       
Lead tin yellow I      
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obj c s t a pa d Fr ce ( . 4- , P.155-1910) d a po tr t f a  kn wn
an (E.1177-1988) stu i t is rtic . It char ct ri ed b  hig l ork d and fully
o e l fl h ones, ac v by p lying any la e s of p nt. Th  an yses showed  
le h nd c rbon bl ck x s tter d red p gmen articl s, typic lly hema-
tite a m l n. T i  s ls i  a co an w t th  fi i gs on a portrait of He i II,
ec t y dis v r d d ia e Hil a d’ w k i  Fr nc  [20]. In th  second group
f objec , c r sp di g o hi  tylistic a g d i g t 1580s, t fl s  tone  appear
l , w  a p f rence f r r d l d as ain re  c mp nent , although h u  of red 
k s, n f de , cannot b r ed u . Y low pig e ts, such as lead tin yellow and goe-
, wer  lso id n ified, l om m x d ith zur te. 
h r ults  sc b i  Tabl 3 n  c r borat what H lli d d scribed in his
tise. Le whit a  r d ad w r deed at ial h  r co m nded to use for
 rn io ; th cas f p l  co pl xion h us f he r d co po ent, metim s
mix wit all m unt f m sti o e (  at at s p ri d uld b  u rsto d
le tin yello [21,22]), s r c , wh r as fo  swa thy ne, masticote and oc r
shoul  b dd [15]. S ilar m xtu s a s  s ib d by N r t , lthough he does
me t  use of ma co [1]. A d tion lly, c e t fic ana s r v l d th  p sence
f vermil o , w i h w s i c r g  by Hi li r and Norg t  their reatises but was 
c si tl pl yed in t fl s to naly ed.  
T  vol m of th m u as buil up tar g  tw sh t brow  lin s paint d
at c e  (F gu 1); v m li n i  th  mai  pi me t s d fo  h lips uring the Fr nch
i , w r s from th 1580 , p k d ed l a ar  p f rred. The pa ation lin
w e p n l r lip c ist d f a lak . T es r sul s confir ed ha w s
r ten by H l ard a d Norg , s th ater ls o be u d for h mou h wer l ke, r d
lea , a wh e pigm  [1,15]. Vermilion w s identified by cientific analyses as an 
a ditiona  pigm nt pr t. 
Th  y v st g t d  v al r : sh i , the ey li  f d, nd he
er c rn r. The lash e l l s w r  er l y t ace with black or  iluted 
b wn gme t, pro bly o rg c igi  pa t y f ded. A s nd, darke  l ne c v
er h firs  o  w s m e of arbo k d what l oks lik rg nic b own pig-
m n (F gu  2 ); on th t o r t , t se n in appea s to be a plied only on the
las l n an t t y l d fold (Figure 2b). T  l exc pti  is on E.1178-1988,
t irst l s r  trace it  d m te ial. T e pr nc  f ey la hes is shown
o ly the p rtr t f a  unk own woman (P.8-1945), where dots are painted on the 
lo e y h l ne (Fig r 2 ).
Hil i d r t that t e n s f t  c al fe t e h u d b drawn y a fine pencil
(t b  und r t d  b us ) with f int r s c lour made of a lak  [15]; thi  prob bly 
or sp s t b l n f orga c ig  e  du ing analyses. 
Th y s’ ne  corn r, w  v s ble, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
T bl  3. Min t r b  Ni ol s Hi l ar  w ich have n ergone ech ical a d sc entific examina-
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Vermilion      
Hematite      
Red lead       
Lead tin yellow I      
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obj c s t a pa d Fr ce ( . 4- , P.155-1910) d a po tr t f a  kn wn
an (E.1177-1988) stu i is rtic . It har ct ri ed by hig l ork d and fully
o e l f  ones, ac v by p lying any la s of p nt. Th  an yses showed a 
le h nd c rbon bl ck x s tter d red p gmen articl s, typic lly hema-
tite a m l n. T i  s ls i  a co a w t th  fi i gs on a portrait of Hen i II,
ec t y dis v r d d ia e Hil a d’s w k i  Fr nc [20]. In th  second group
 objec , c r sp di g o h  tylistic a g d i g t 1580s, t fles  tone  appear
l , w  a p f rence f r r d l d as th ain re c mp nent , although h u  of red 
k s, f ed, cannot b ru ed ou . Y low pig ents, such as lead tin yellow and goe-
t , wer  lso i n ified, l om m x d ith zur te. 
Th r ults sc b i  Tabl 3 n  c r borat what H lli d d scribed in his
tise. Le whit an  r d ad w r deed at ial h  r co mended to use for
 rn io ; th cas f p l  co pl xion th use f the r d co po ent, metim s
ix wit all m nt f m sti o e (  at at s p ri  uld b  u rsto d
s le tin yello [21 22]), w s r c , wh r  for swa thy ne, masticote and oc r
shoul b dd [15]. S ilar m xtures a s s ib d by N r at , lthough he does
m  us of ma co [1]. A d tion lly, c e t fic ana ys r v l d th  p sence
f vermil o , w i h was i c ur g  by Hi li and Norg t  n their reatises but was 
c si t tl pl yed in t fles to naly ed.  
T  volum of th m u as buil up tar g tw sh t brow  lin s paint d
at c e (Figu 1); v m lion i  th mai  pigme t s d fo  lips uring the Fr nch
, w r s rom th 1580 , p k d ed l a ar  p f rred. The epa ation lin
w e p n l r lip c sist d of a lak . T es r sults confir ed ha w s
r te b H l a d a d Norg , as th ater ls o be u d fo  h mou h wer l ke, r d
le , a wh e pigm [1,15]. Vermilion was identifi d by cientific analyses as an 
a ditiona  pigm nt pr t. 
Th y v st g t d i  v al r : sh i s, the eyeli  f d, nd he
er c rn r. The lash e l li s w r  er l y t ace with black or a iluted 
b w gme t, pro bly of g c igi  pa t a y f ded. A s nd, darke  l ne c v
er h firs  w s m e of arbo k d what l oks lik org nic b own pig-
m n (F gur  2 ); n th t tra t , t  s n lin appea s to be a plied only on the
l s n an t t y l d fold (Figure 2b). T  l exc pti  is on E.1178-1988,
t i t l es r  tr ce t  d mate ial. T e pr nc  f ey la hes is shown
o ly n the portr t f n unk own woman (P.8-1945), where dots are painted on the 
lo e y h l e (Fig r 2 ).
Hil i d r t that t  nes f t  c l fe t e h u d b drawn y a fine pencil
(t b und r t d  brus ) with f int r s c lour made of a lak  [15]; thi  prob bly 
or sp s to b l n f or a c ig  e  du ing analyses.  
Th y s’ ne  corn r, whe  vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
T bl  3. Mi i t r b  Ni ol s Hi l ar  w ich h ve n ergon  ech ical a d sc entific examina-














































 Lead white        
Vermilion      
Hematite       
Red lead       
Lead tin yellow I       
Hematite
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obj cts th t p d i Fr c  (P 154-1910, P.155-1910) a d a ortrait of  nk own
(E.1177-1988) tu i n t is ic e. It is c aract r by h gh orked and fully 
elle f s ones, ch ev by p ly ng y l e s of p n . The a yses sh wed a
le h d c b  bl ck m t ix s ttered w t red p gment particl s, typi ally hema-
tite an m li . T al i  a co ce w t th  fi ings on a portrait f Henri III,
c tly dis ve  o i e  H lli r ’s work i Fr nc  [20]. In th second group
f bj c r po i g to h s sty istic ha g ri t 1580s, t e flesh t nes app ar 
al ,  a pre erenc for  lea as th  main re  c mponents, although the us  of red 
k s, n w f e , a not b rule  out. Yellow pigm nts, su  as le d tin y llow n  goe-
, r  lso i ntif e , s l om mix ith azu te. 
T r ul cr b  in Tabl 3 nd c rr borat what Hilliard described i  hi
r i . L w it an d a w r n ee  h  al h  r co m nded to e fo
the c na ion; i th case a p l c mplexion t  us of the red comp nent, s tim
x wit  sm ll m n f t cote (a er  t  at is p ri d s ul  b und rstood
s l in ll w [21,22]), w s r uce , w r s or a swa hy e, masticot an ochres
oul b add [15]. S mila m xtures e so sc ib d by Norgate, ltho g  he doe
o  me io  u of ma ico e [1]. Add ion lly, scie tific analyses revealed the presence 
v rmilion, ich as i c u  by H l i d an  Norga e in their treat ses but was
siste ly employ d t e f s o na yse . 
Th volu of t m uth w s b i t up ta ti g wi  two h t br w li s paint d
at he c e (Fig r 1); v io  h  m pigm nt us or e lip  uring the French
d, w r s from th 1580s, pink s and r d l a  a  pr f rr d. Th  s paration line
we pp r n l r l p c t d of re ak . T ese r sults co f rmed wh t w s
r t  b H l ard a d No gat , a  th  m ter ls o be u d for he mouth were l ke, red 
l d, and whit  pigme t [1,15]. Ve mi i n w s tifi d by sc entific analyses as an
a dit on pi m nt pr en . 
Th  y s er nv stigate  i  ev l s: the ey l sh lines, the ey lid fol , and the 
r r. T  e h e el  li e ere g erally aced ith a black or a diluted 
br w m t, bly f rg c rig  rti y fa . A sec nd, darker line cov-
r d f r n  w s m f carbo  b a k d what l oks like organic brown pig-
m nts (F gur 2 ); on th t r po trait ,  e ond li  pp ars to be appl ed only on the
l d o t ey l d fold (Figu 2b . T  l xcep ion is on E.1178-1988,
wh r t e i st i es ar  trac d ith  d mate ial. T e pres nc  of eyelashes is shown 
only on th po trai of an unknown wom  (P.8-1945), wh re dot  are painted o the
lo e y l (Figur 2b .
Hillia d rote th t t e l n s f the f cial fe tur sh uld be d aw  a fine pencil 
(t un t od   b us ) w h f nt ros lour m de of  lake [15]; this pr bably
cor s n s o t e b o lin s f orga c rig  s en du ing analyses.  
Th  eyes’ ner corner, when visible, is painted with a red material, the composition 
of ic  varies for eac  mi iature.  
T bl  3. Mini t res by Nicholas Hilliard which have ndergone technical and scientific examina-
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obj c s th t p d i Fr c  (P 154-19 0, P.155-1910) a d a ortrait of  unknown
(E.1177-1988) tudi d  t is ic e. It i aract r by h gh orked and fully 
delled f s  ones, ch ev by p ly ng m y l e s of p in . The a lyses showed a
l wh d c b bl ck m trix s ttered w t red p gment particl s, typi ally hema-
tite an v mili . T al o i  a co d e wit  th  fi i gs on a portrait f Henri III,
c tly dis ve  o i te  to H lli r ’s work i Fr nc  [20]. In the second group
f bj c r spo i g to h  sty istic a g i t 1580s, the flesh t nes appear 
al , i  a pre renc for  lea as th main re  c mponents, although the use of red 
k s, n w f e , a not b rule  out. Yellow pigm nts, su  as lead tin y llow and goe-
h , r  lso i entif e , s l om mix th azu te. 
T r ul crib  in Tabl 3 nd c r borat what Hilliard d scribed in hi
r i . L w it and d a w r ee  h  t al h  r co mended to u e fo
he c na ion; i th case a p le c mplexion t  us of the red comp nent, som tim
x wit  ll m n f tico e (a er   at s peri d s oul  b und rstood
as l in ll w [21,22]), w s r uce , w r s or a swar hy e, masticot an ochres
oul b  add [15]. S ila m xtures e so s ib d by Norgate, altho gh he doe
o me on th  u of ma tico e [1]. Addi ionally, scie tific analys s revealed th  pr sence 
v rmilion, ich as i cou  by H l i d an  Norga e n their treat ses but was
si t ly employ d t e f s on ana yse . 
Th volu of th m uth w s bui up ta t g i  two h t br w li s painted
at h  c er (Fig r 1); v io h  m n pigm t us d or e lips uring the French
d, w r s from th 1580 , pink s and r d l a  a  pr f rr d. Th  s paration line
twe pp r n l r l p c t d of e ak . T ese r sults co f rmed h t w s
r t  b H ll ard a d No g e, as th  mater als to be u d for the mouth were lake, red 
l , and whit  pigme t [1,15]. Ve mi i n w s tifi d by sc entific analyses as an
a dit on pi m nt pr e . 
Th  y s er inv st gate  i  sev r l s: the ey l sh lines, the ey lid fol , and the 
i r r. T  ey h e el  li e ere g er lly aced with a black or a iluted 
br w m t, bly f rg c rig d rt l y fa d. A sec nd, darker line cov-
r d f r n  w s ma f carbo b a k d what l oks like organic brown pig-
m nts (F gur 2 ); on th l t o tra t ,  e ond li  pp ars to be appl ed only on the
l i d o n t ey l d fold (Figu 2b . T  nl  xcep i  is on E.1178-1988,
t e i st i es r  trace with a d mate ial. The pres nc  of eyela hes is shown 
only on th po trai of a unknown wom n (P.8-1945), wh re dots are painted on the
lo r y l (Figur 2b .
Hil ia d r te th t t e n s f the cial fe tur sh uld be draw  a fine pencil 
(t un e t od   b us ) w h f nt ros lour made of  lake [15]; this pr bably
cor s n s o brow  lin s f organic orig n e  du ing analyses.  
Th eyes’ ner corner, when visible, is painted with a red material, the composition 
of ic  vari s for eac  mi iature.  
T bl  3. Mini tur s by Nicholas Hilliard which have undergone tech ical and scientific examina-
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Vermilion       
Hematite        
Red lead       
Lead tin yellow I       
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o j s t a  p i t d n F  (P 154-1910, P.155-1910) d a portr it f an u known
(E.1177-1988) u i d t s ic e. It  har ct ed by h g work d nd fully
l d fl sh t , h ev by plyi  ma y l y rs of p in . The alyses show d a
l w  a ca bo bl ck m r x s a t ed red i ment p rticl s, typically hem -
it n  ve mi i n. Thi al i a c rd ce w th he findi s  a portrait f H n i III,
c t y di ov  so d H r ’s wo k in France [20]. I the second group
f bj c r spo ng o h s ty istic chang  duri g th  1580s, the fles  tone  appear
p l , wit  a p r c fo   le s h m in e ompone , a hough he use of red
lak s, no , o  b rul  . Ye low pigm n , su h as ead tin y llow an  g e-
it , re l n f e , l  x  with azu t . 
T r ul r sc ib i  Tabl 3 and corr o at w Hillia d described in his
r i . L whi r  l a w  n h l r o m d to u e for
t c n i n; n c se o p le c mplexion th  us  of the red comp nent, som tim
x w t   ll m f m ot  ( e m h t t i pe i d s oul b  u r tood
s in ll [21,22]), s r d c d, wh r r a s rthy n , ma ico and oc r
ould b ad [15]. Si ila  m xtures a  als  sc ibed by Norgate, ltho gh h  does
n  me th  us of mas co e [1]. Additi n lly, sc n fic a alyses r veal d th p es ce
v r lion, a i coura e by H lli r  an  Norga e in their treatises but was
n t n ly pl y t e fl s on an yse .  
T volu  f mout w s bui t up st i g w th tw t br wn li es p nt d
t he co r (Fi r 1); v ili n is the a pigm nt ed r t  lips u ing th  F nch
p ri , w r s from h 1580 , p nk lak a  r d l ad a  p f rr d. Th  p ation li e
b tw u p r a lo r l p c t d of ed ak . Thes r sults co fir ed what w s
wri t by Hil ard nd Norg e, th ma ials to b us d for t  mout  were lak , r d
l ,  hit  p gm  [1,15]. Ve mili n w s tifi  by sc ntif c na ys s as an
dd o gm t p e  
T  y s w i vest gate  i v r l : t ey sh i es, t ey lid f d, a d he
e  r . T y l yel i er ge rally traced with  black r a ilu
b ow pigm , r bab f or ic g nd p rti lly f d. A second, darke  l ne c v
d th fi t one an a ma f carbo bl k nd wha lo ks lik orga ic brown pig-
m nts (F gur 2a); th l r p r it th  s co d lin a p a  t b pl d nly  
yelash line d ot n th  eyelid fold (Figu 2b . The only xcep ion is on E.1178-1988,
w er fi st l es e tr ced w h  ed mat ri l. Th  p e c  of y ash s is shown
only on th p rtr it f n u kn wn wom n (P.8-1945), wh r dots re inted n the
l eye a l (Figu e 2b).
H llia d wr t  th t t  utli s f t faci l f t  sh ul b wn by fine pencil
(to b  un e st od a  a br s ) w  a fa n  ros lour made of  lake [15]; thi  probably 
corr sponds o th br wn lines of orga ic origin en during t e analyses.  
The eyes’ inner corn r, when visible, is painted with a red material, the composition 
of whic  varies for each mi iature.  
Table 3. Miniatur s by Nicholas Hilliard which have un ergone technical and scientific examina-
tion. Greyed-out cells indicate that no analysis was carried out. 
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o j s t a h p t d i F  ( 4- , P.155-1910) nd a portr it of an nknown 
(E.1177-1988) u ied n t s r ic e. It  c ar cte ed by highl orked and fully
m ll  fl sh t , h eved by ply  ma y l y s of p nt. The an yses showed a
l d w i  a ca bo black ma rix s att ed w t  red igment rticl s, typically hem -
it  milion. Thi s al in a c da ce with he findin s n a portrait f H nri III,
c t y di v r d d a o a ed t  Hi r ’s work in Franc [20]. I  th  second group 
f bj cts, cor esp nd ng o h s sty istic hang uri g t 1580s, t e flesh tones appear 
p l , wit  a p f r c fo   le d s he in  comp ne s, a though the us  of red
l k s, no  , c o b ru  . Ye low pigm n , su h as lead tin yellow and goe-
i , r l i n f e , l ixed with azu it . 
Th r ul r sc ib i  Tabl 3 and corr o at what Hilliard described in his
r i . L a whi  a w r n e d th  i l  r o me d to use for
t c n ti n; in c se p l complexion th  us  f the r d compo ent, s m tim
x w t  m ll m t f m cot  ( e m t t i p i d sh uld b  und r tood
s  tin llo [21,22]), s r duced, w rea  f r a s thy n , ma tico e and ochre
ould b ad [15]. Simila  mixtures e also esc ibed by N r ate, although he does 
 m o t e us of mast co e [1]. A d ti n lly, sci t fic a alyses rev aled th  presence
v r lion, a i c ura by H lliar  an  Norga in their reatises but was
t ntly ploy the fl sh on n yse .  
T volum  f  m u was built up t ing w h two rt brow  lin s p inted
t he c e (Fi ur 1); v i ion i the a n pigment ed f r t lips du ing th  French
rio , w r as from th 1580 , p nk l a  r d l ad a  pr f rr d. The p ration line
b tw u p r a  lo r l p consisted of  r ak . These results co firmed what was 
wri t n by Hil ard nd Norg t , th ma er als o b us d for h  mouth were l ke, red
l , nd hit  p gme  [1,15]. Vermili n w s tifi  by sc entif c na ys s as an
d o l gment p e n . 
T  ey w r  invest gate  i ev l are : t ey l sh lines, th  eyelid fold, a d the 
e  r . T el  y l  li e wer ge rally traced with  black r a dilu ed
br w  pigm , rob b f r nic or gin  parti y fa ed. A s c nd, darker line cov-
d th f t one an s ma f carbo bl k nd what lo ks like organic brown pig-
m ts (F gur 2 ); th  r p r it t  co d li  a p a  t  b pplied only  
yelas  line d not on t ey lid fold (Figu 2b). Th  o l exception is on E.1178-1988, 
w re irst l es e tr c th  ed mat ri l. T  pr se c  of yelashes is shown
only on th p rtr it f n u kn wn wom n (P.8-1945), wh r dots are ainted n the
l ye a l (Figu 2b).
H llia d wr t  that t  ou li s f t  faci l f tur  sh uld be d awn y a fine pencil
(t  un e st d a  a b sh) w h a fai t ros lour made of a lake [15]; this probably 
corr sponds o th b o n lines of organic origi  seen du ing analyses.  
Th eyes’ nner corner, when visible, is painted wi h a red material, the composition 
of ic  varies for each mi iature.  
Table 3. Miniature by Nicholas Hilliard which have ndergone technical and sc entific examina-
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Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
Red lead
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objects th t p i ted n Fra e (P.154-1910, P.155-1910) an a por ra f a u kn
man (E.1177-1988) tu d h s rticle. It i  ch r by highly d fu
mo ell d fl sh to e , a hi v d by applying ma y layer  of pa t. T a l  w
lead hite and c b n black ma ix sca t e r d pigm t i l , cally h m -
tite and vermilion. This is also i cc r nc  the fi ing   a po tr i f H ri III,
rec ntly d scov r  a d s ocia t Hil ar ’s wo k in Franc [20]. I h seco  grou  
of objects, correspon ng to his ty ist c hang  during h  1580s, f esh t pp r
pale, with  prefer nc  for r  ad s ma ompon n , ough e u  f re
lakes, o faded, can ot be rule out. Yell w pigme s, uch in y g -
te, w r so entified, s ld m  azu it .
The results re descr be  T b 3 corr bora e t H lli e ibed h
treatis . Lea  white an  r l ad w in d th m ri ls e r co e f
t e c r atio ; in the c se a pale c mp ex  s of e compon t so t
x d w t  a sm ll a unt f m s cot  (a r h t t  p d sh uld b un r
as ead tin llow [21,22]), as r duc , wh reas f r a w rt , ma ico e nd oc re
should be add [15]. Si i ar ix r s ar a es ribed y N rgate, lt ug es
n  men ion he use f mas icote [1]. Addit nally, scien f c ana y es r vea d h  res e
of vermil n ich was disc ura d by H lli  No g t in t i tr atis but was
consist ntly ployed in th  fl s  t nes a ys .  
Th volume of th m uth built up st r i  with w ho t brown lin p i t
t the corn rs (Figu e 1); ve ili n s t e m n pigm t f th  lips ri g th  F c
period, wh re s fro h 1580s, pi k lak s red lead ar  f rred. Th at on l
betwee u p r a  low r i  co si ed of a d lake. Th  sults c f m  w  w s
written by Hilliard a d Norga e, th  ma ials to b  us fo t e mouth w r  l k ,
lead, a d a white  [1,15]. Ve li w s i ed by sc tif c ys s
add tional igm nt pr s nt.  
T  eyes w r i v stig t  in s veral eas:  y l lines, h y f ld,
inner cor er. The y lash d yelid s wer al y traced w th k r a ilu ed
brown pigm t, p ob bl  of o g nic orig n nd p rtial y fa d. A cond, da k li c v-
ered the fi st one d w ma e of carb b c d w at lo ks like rg nic b pig-
ments (Figure 2a); o  th  lat r ortrai s, th sec nd li  app to be p i d ly  
eyelash ne and n on yelid fo d (F gur 2b). T on  exc pti n is n E.1178-1988,
where the first lin s are r ced w h  d ma r l. The pr enc y h sh w
only on th  p rtrait f a unk w m  P.8-1945), here d re ain the
l w r eyela h li (F gur 2b). 
H lliard wr t  that t e u l nes of t faci l f atur s s o ld b n by a fi  p nc
(to be unde stood a  a br s ) with a faint rose colour m d of a l ke [15]; this p obably 
corresponds to the brown lines of organic origin seen during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, t e compo ition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
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o je ts th t p i t   Fra ce ( . 4- , P.155-1910) n a p r r  f a u kn
an (E.1177-1988) u i d h s r ic e. It i ch r by i h y d fully
mo ell d fl sh t e , ac i v by pplyi  ma y layer  of pa t. T al e  d 
lead hi e and c b n black ma x sca t ed r d pi m t c , p cally hema-
tite a d v rmi ion. This is also i  a c r c  h  fi  a p rtr i f H ri III, 
rec tly d scov r  and s oci Hil ar ’s work i  Fr nc [20]. I h s con  roup 
f bj ts, correspon ing o his tylist c h ng during h  1580s, th f sh t pp r
pal , with  p f r nc  fo r   s mp n nt , l gh the us of r
l k s, o fad , c nn t b ru d ou . Y l w pigme ts, uch in y w n g -
te, w r s  entified, s ld m azu i e.
Th  r ults are descr be  Tab 3 corr b r e  H lli d e ibed in h
treatis . Lea white an  l ad w in th ri ls he r om e e f
the c r atio ; in he c se pale c mp ex  f he compo nt so times
x d wit  a ll a u t f m s cot  ( rm h t t t p d sh d b un r oo
as ead tin llow [21,22]), s r duc , wh reas f r a w rt , ma icote nd oc res
should b  add [15]. Si i ar ix r  a a d s ribed y N r a lt ug  does
n  men ion he us f as cote [1]. Addit n l y, scien f c a aly es r v a d h es e
of vermil n i h was disc ura  by H lli No g in t i r atis s bu was
c n ist ntly ploy n th  fl sh t nes a yse .
Th  volume of th m u h built up t r i  wi h w o t brown lin p i t
t t e cor rs (Fi u e 1); ver ili s t e m n pigm t us  fo th li s i g th  Fr ch
p riod, wh r s fro h 1580 , p k lak s n r d l ad are r f r ed. Th p at on li
bet n upp r nd low r i  co si d f  d ak . T  sults co f m d w  w s
writt n by Hill ar a d Norga e,  th  m ials o b  us fo t e m uth w r  l k ,
l ad, a d white  [1,15]. Ve li w s i  by sc tif c ys s s
ad tio al igm t pr s nt.  
Th  ey  wer vestig d i s ver l e : yel li s, y d f ld,
in er c r r. Th  y lash a d y lid s wer e al y traced w th a k r a ilu
brow  pigm nt, p ob bly of o anic orig n d p rtial y a . A cond, da k li cov-
ered the fi st one d ma e of carb b c d w a lo ks lik  rg ic b pig-
ments (Figure 2a); o  th  l t r ortr i s th sec nd li a p t b  pp d ly on th
yel sh ne and n on yelid f d (F g r 2b). T e on  xc ti n is n E.1178-1988,
where t  first lines ac w h  r l. The pr s c h sh wn
only on th  p rtrait f u k w m  P.8-1945), here d s re in ed the
low r yelas li (F gu 2b). 
H lliard w te that t e u l nes of t facial f atur s s l b r  by fine p c
(to be understood a  a br sh) wit  a fain rose colour m d of  l ke [15]; this probably 
corresponds to th  brown lines of organic origi  seen during the analy es.  
The eyes’ inner corner, when visible, is painted wi h a red material, the compo ition 
of which varies for each miniature.  
Tabl  3. Miniature by Nicholas Hilliard which have undergone technical and sc entific examin -
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o j s th t p i te   Fra ce (P.154-19 0, P.155-1910) a p r r f a u kno
an (E.1177-1988) s u d h s ar i e. It i ch r te by i hly d d fully
mo ell d fl sh t e , ac i v by applyi  ma y lay r  of pai t. T al es d
lead hi e and c bo bl ck ma x sca t e r d pi m t cl , t pic ly h m -
tite an v rmi ion. Thi is also i r c  h fi o  a tr i f H ri III,
rec tly d s ov r  a d s oci Hil iar ’s wo k i  Fr nc [20]. I h s c n roup 
of bj ts, corr spo ng t h ty istic h ng  during  1580s, f sh e pp r
pal , with  p f r c  f  r  l a  s m ompon , gh the use of re
lak s, ow fad , c n o b rul ou . Ye l w pigme s, such i  y w n g -
e, w r s  entified, s ldom azu i .  
The r s lts are d scr be  T b 3 n co r r  H ll ard s ibed in hi
tr atise. Lea whit  n  lead w n th t ri ls e r o en f
atio ; in he c s  pale c mp ex  of he d compon nt so ti
x d w t  a ll am u t f m stico  ( h t at t p r  sh ld b un r oo
as lead tin llow [21,22]), s r duc , wh reas f r w rt , mas ico e nd oc re
shoul  b  dded [15]. Si ilar ix re  ar a scrib d y N rga lt ug e does
n  men ion he use f as cote [1]. Addi n l y, scien f c a a  r v a d h e
of verm l i h was disc ur g  by H lli d No g n t i r atis but was
c st ntly mpl y  n th  fl s tones a ys d.
The volume f th m u h buil up t r  ith t brown lin p t
t t e cor rs (Fi ur 1); ve ili n s t e m n p gm s f r th  li s u i g th  Fr c
p riod, wh r s fro  h 1580s, p k lak d d l ad ar  ef rred. Th sepa tion li
b t  u p r d low r lip co si d f  d ak . T  sults conf r d  w s
writt n by Hill ar d Norg e,  th  m ials o b  us fo t e mouth w r l k ,
l ad, a d  wh t  [1,15]. V li w s i b c tif c lys s s
ad tio al pigm t pr s nt.  
T  ey s wer vestig i  s ve l e : l li s, f ld,
in r c r . Th  ey lash d yelid s w r  e l y traced w th l k r a ilu
brow  pigm t, p obabl  of o an c orig n d p rtially a d. A d, da ke li cov-
re the fi st one d ma e of carb b c d w a lo ks lik org ic b pig-
m n s (Figu e 2a); o  th  l te  portr i th sec d li p a s t b  app d l  
yel sh an  n  on yelid f d (F g r 2b). T e o y xc ti is n E.1178-1988,
w re  first li s ac d w h a r l. Th  r se c a h sh
o ly on th  p rtrait f n u k w m  P.8-1945), h re d r  p in ed the
l w r y la li (F gu 2b). 
H lliard w ot  that t e u lines of t aci l f atur s s l b wn by fine p cil
(to b  unde stood   brus ) wit  a fain r se colour m d of  l ke [15]; this probably
cor esponds to the brown l nes of organ c origin see  dur ng th  analys s.  
Th eyes’ i ner corner, when vis ble, is painted with a red mater al, the composition 
of which vari s for each miniature.  
Table 3. Miniatures by Ni ol s Hilliard which have undergone ech ical a d scientific examina-
tion. Grey d-out cells ind cate that no analy is was carried out. 
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o jec s th t p i t   Fra ce ( . 4- , P.155-19 0) a por r f a unkno
m (E.1177-1988) u d h s rti le. I i ch r te by hi h y d d fully
mo el d fl sh to e , ac v d by pplyi  ma y lay r  of p i t. T es s o d 
le d hi e and c b bl ck ma ix sca t e r d g t icl , pically h m -
tit v rmilion. Thi  is al o i r c  th fi g  o  a r i f H ri III,
rec tly d scov r  a d ocia t Hil ar ’s wo k i Franc [20]. I  h secon roup 
f obj ts, corr sp ng h ty ist c h ng during  1580s, f esh o e pp r
pal , ith  p fer c  fo   s omp n , t gh the use of r
l k s, fa d, can b ru ou . Y l w pigme , such in y w n g -
te, w r s  entified, s ld m  az ri
Th  r l s are d scr be  T b  3 co r e t H lli rd ibed in hi
treatis . Le whit  n  l ad w in th eri l e r o e s f
t e c tio ; in he c se a pale c mp ex  f he d compon nt so tim
x d w t  a s ll a u t f m s co  ( h t t t p  sh d b un oo
as ead tin llow [21,22]), s r duc , wh re f r a rt , nd oc re
shoul b  add [15]. Si i ar ix r  a a crib d y N r a , lt g e oes
n  men ion he us f as ico e [1]. Addi nal y, sci n f c a a s r v a d h  r e
of verm ich was i c u by H llia  N g n i r atis bu w s
c s t ntly pl y n t e fl s t nes a ys .
T volume f th m u h buil up t r  wi h t brown lin paint
t t e corn r (Figu 1); ve ili s t e m n gm t f th lips d ri g th Fr c
p riod, wh r s fro h 1580 , p k lak red l ad ar  f rred. Th  p tion line
b t  u p r d low r i  co si d f  d ak . T sults conf d  w s
writt n by Hill a d Norga e,  th  m i ls o b  us fo t e outh w r l k ,
l ad, a d a wh t  [1,15]. V li w s i b c ntif c ys s s
tio al igm nt p s nt.  
T ey  w r ve tiga i ve al ea : y l s li s, h f ld,
in c r . Th  y las  d y lid s wer e l y traced w th l k r a ilu ed
bro  pigm t, p ob bl  of o gani  or g n d p r ial y a . A cond, d k  li c v-
red the fi st one d ma e of carb b c w at lo ks lik org ic br pig-
m nts (Figure 2a); o  th  l t  o trai th s c d li a p t be ppli  o ly  
yel sh and n on yelid f d (F g r 2b). T e o y xc ti is E.1178-1988,
w re  first li s r ac d w h  r l. Th  r se c a h s sh wn
o ly n th  p rtrait f a unk w m  (P.8-1945), here d r  ain ed the
l w r y la lin (F gur 2b). 
H l ard w t  that t e lines f t aci l f atur s s ld b n by a fine p n i
(to b  unde stood a  a br s ) with a faint ros  colour mad  of  lake [15]; t is p obably 
corresponds to th b own lines of or anic origi see  dur ng the analy s.  
The eyes’ inner corner, when visible, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Miniature by Nicholas Hilliard which h ve undergon  tech ical and sc entific ex min -














































 L ad white    
V rmi ion     
Hematite        
Red lead       
Lead tin yellow I       
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obj s th t h p i t   Fra ce ( . 4- , P. 55-1910) a por r i of a unkno
(E.1177-1988) u d  h s r i e. I  i ch r te by i hly d a d fully
m el d fl sh t e , c v by pplyi ma y lay r  of p i t. T es s o d
le d i e an c b bl ck x scatt m t icl , ypic ly h m -
tit v rmi ion. This is al o i c r nc w  h  fi o  a po r i f H i III,
rec tly d s ov r a d oci Hi ar ’ wo k i F a [20]. I h sec n roup 
f bje ts, cor sp ng h ty ist c h ng during e 1580s, f sh to es pp r
pal , ith  p f r c  f   s a comp s, gh the use f re
l k s, fa , c n b r ou . Y ll w pigme , such l d i  y w nd go -
e, w r s  i entif ed, s l m az i
h  r l s are d sc b  T b  3  corr  H lli rd ibed in hi
tr atis . Le whit  n  l ad w r n th ri l e r co e f
t atio ; in the c s  pale c mp ex  f he d co pon nt som tim
x d w t   ll a unt f m s co  ( h t t t s p d sh ld b und oo
ad tin llow [21,22]), s r duc , wh r a f r rt , nd c re
houl  b  d [15]. Si i ar ix  a a crib d y N r a , lt g e does
n t men on he us f ast co e [1]. Addi n l y, sci n f c ana y  r v a d h s e
of v r i h was i c u by H lli N g n i r atis but w s
co tly pl y  n t e fle t n s ys .  
Th vol me f t m u h buil up t r  w h w h t brown lin p t
t t e cor rs (Fi u 1); ve ilio s t e m n p m t f th i s d i g th  Fr c
p riod, wh r s fro h 1580 , pi k lak d l ad  p f r ed. The p r tion li e
b t e  u p r  low r i  co i d   d ak . T sults conf rm d  w s
writt n by Hillia d Norg e,  th  m i ls o b us fo t e mouth w r  l k ,
l ad, a d wh  [1,15]. V li w s i  by c ntif c ys s s
tio igm t p s nt  
T y  w r v stiga ve l are : l s li s,  f ld,
in c rn . Th  y las d y lid s w r e l y t aced w th l k r a ilu
bro  pigm t, p ob b o o an or g d p r ial y a d. A nd, da k li cov-
re the fi st one d s ma e of carb b c w lo ks lik org ic br  pig-
m n s (Figu e 2a); o  th  lat  tr i , th s c d pp to b ppl d l  
eyel sh an  n on yeli  f d (F g 2b). The o y xc ti is E.1178-1988,
w re he first i s ac d w h  ri l. T  r se c a h s sh
o ly n th p rtrait f u k w m  (P.8-1945), h re d ar  in ed  the
l w r y la  li  (F gu 2b). 
H ll ard w t  that t ou lines of t aci l f atur s s l d n by  fine p n i
(to b  unde sto d s  b s ) wit  a fain  r se colour made of  lake [15]; t s pr bably 
cor esponds t  th  brown l nes of organ c orig s e  during th analys s.
Th eyes’ i ner corner, wh n vis ble, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tab  3. Min ature by Ni ol s Hilliard which hav  undergone ech ical a d sc entific examina-
tion. Grey -out cells ind cate that no analy is was carried out. 
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o j cts t  p i te   Fr ce (P. 54-1910, P.155-1910) a portr i of a unknown
m (E.1177-1988) u i d h s rti e. I  i c r te ed b hi hly d d fully
mo el  fl h to , c v by a lyi  ma y l y r of p int. T ly es s ow d 
l d hi e and c b  bl ck x sca t d w th i m t p r ic es, ypi ally hem -
tit n v rmi ion. Thi s al i c w  t e fi gs  a portr i  f H ri III
rec y d ov r d oc Hil ar ’ w rk in Fr nc [20]. I he second group
of obj ts, corr sp ng t his tylist c h ng  du ing  1580s, th fl s to es app ar
p l , i  p f r c f    m o p n s, g  the us  of red
lak s, fa d, ca ot b r l o . Ye l w pigme , such as d in y ow an g -
, w r s  ntif e , ld m az rit .
he r s lt re sc be i  T b  3 co r te H lliard e cribed in hi
t ati . L whit  n  l  w  n th  ri l e r m f
tio ; n h c s a p mp ex   of h d co p n nt tim
x d w   ll t f m s co ( t m h t t t is p d sh ld be un er oo
d tin llow [21 22]), s r duc , wh re f r  t e, ma ico nd oc re
hould b dd [15]. Si i ar x s a a crib d y Norga , alt oug e d es
t on he u of as ico [1]. Addi n ly, ci n f c a al  r v d h es e
of ve m  i h wa i c u by H l Norg i t i tr atis s but was
c s tl  pl y  n t  fl nes ys .
T vol m f m u  built up t r  w th w o t brown lin p nt
t  cor r (Figu 1); v ili n t e m n p m t e f th  lips d i g th  F ch
p rio , wh r s ro h 1580 , p k lak  d l ad ar  pr f rr d. Th  p ration li e
b e  u p r  low r c i  a d ake. T sults conf r d w a  w s
wri t n by Hil a a  Norg ,  th m rials o b us fo t e mout wer l k , r
l d, d a h [1,15]. V li w s i ent  by c ntific ys s s
o igm t p e nt.  
T y s w r v st ga d v ral ea : s li s, ey f d, a
r e . Th las y li s w r e al y traced w th  l k r ilu
br  pigm , robabl f o gan r g nd p r i l y a d. A s nd, da k r li cov-
re the fi st ne d m of carb l c wha lo ks ik rga ic bro  pig-
m n s (Figure 2a); th  l r o r i s th s co i  p  t  be ppli d nly 
y l sh an n o e i  fo d (F g r 2b). The y xc tion is on E.1 78-1988,
w ere fi st i s ac d w h  teri l. T  r se c  e e ash is sh wn
o ly th  p rtr it f a unk w m  (P.8-1945), here d s r  in ed t e
l w y la lin (F gur 2b).
H l ard w t  that e lin f faci l f atur s s l be n by fine p nci
(to b  unde st d   b sh) wit  a f in  r s  col ur made of a lak  [15]; th s probably 
cor esp nds t  t b own l n s of or a c origi  seen dur g the analyses. 
Th  eyes’ i ner corner, wh n v s ble, is painted with a red material, the composition 
of which varies for each miniature.  
Tab e 3. Mi a res by Ni ol s Hi liar  which h ve undergon  ech ical a d scientific examina-
tion. Grey d-out cells ind te that no analysis was carried out. 
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obj s t  p i te   Fr ce P. 54-19 0, P.155-1910) d a po tr i of a unknown
(E.1177-1988) u i s r i e. I is ch r te by hi hl  d d ful y
m l fl h t , c v by a lyi  ma y l y r of paint. T aly es how d 
l i e an c bo  bl ck x s t d w th i m t p r icl s, typically hem -
tit n v rmi on. Thi s l i c nc w  e f nd s a portr i f H ri II
rec n y d cov r d oci Hi a ’ w rk in Fr nce [20]. I  the second roup 
of bje ts, corr sp ng t tyl stic h ng du ing 1580s, th flesh to e app ar
p l , i  p f r c f l  ma o p n s, a gh the u e of red
lak s, fa , c ot b r l o t. Y l w pigm , such as ad in y llow an g -
, w r s  ntif e , l m ixe w az it . 
he r s lt sc b  i  T bl  3 n corr t Hilliar d crib in hi
t ati . L w i  le w  i th  m eri l e r co m  f
e tio ; n th c s p mp ex e u  of h d compon nt om tim
xed w h  ll m nt f m s co ( m h t t t i  p d sho ld b  un e ood
d tin llo [21,22]), s r duc , wh re f r a rth , ma ico e nd ochre
houl b  ad [15]. Si lar x es a crib d y Norg , alt oug  does
t en on he u of as co [1]. Ad i n lly, ci n f a a y s r vea ed h s e
of v h w i c g b H l Norg t n thei tr a is s but was
c tl pl y  n  fl on s ys .
T vol m f m ut buil up t r i  th w h t brown lin p nt
t  cor r (F ur 1); v ili n  t e m n p m e f th  lips u i g th  F ch
p rio , wh r s fro h 1580 , pi k ak r d l ad ar  pr f rr . Th  p ration li
b  u p r low r p c i  a ake. T sult  conf rm d a w s
writt n by Hil a Norg , h rials o b us fo t e ou er  l k , r
l , d h  [1,15]. V li w s i t  by sc ntif c a ys s as
o igm nt p e t   
T y s w r v tiga d ver l e s: yel s li s, eye d f ld, a
r . Th las y lid s wer e lly t ace with la k   lu
b igm , robab of o ani or g nd rtially a d. A s c nd, da ke  li cov-
d th fi st on d m of arb l c  wh lo ks lik org ic bro  pig-
m nts (Figure 2 ); o th t  r i , th s c in  appe  to b ppli d nly  
y l sh an o eli  fo d (Fig r 2b). T e y xc ti is on E.1178-1988,
w ere he first i s e ac d w  t ri l. T  r se c  e a h is sh wn
o ly th  p rtr it f a u k w m  (P.8-1945), where dots r  in ed the
l w y la  li (F gu 2b).
H l d w t  that t line  f t aci l f atures sh l be wn by fine pencil
(to b  unde st d a  a b sh) wit  a fain  ros  c lour made of a l ke [15]; th s prob bly 
or esp nds t  the b own lin  of nic o igin se n during the analyses.  
The yes’ inne  corner, wh n visible, is pai ted with  red material, the composition 
of which vari s for each miniature.  
Tab e 3. Min at res by Nichol s Hi l ar  which h ve undergon  tech ic l and scientific examina-
ti n. Greyed-out cells indi te that no analy is was carried out. 
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j s t p i t  Fr ce ( . 4- , P.155-1910) d a portr i of a unkn wn
(E.1177-1988) u i  n this r i le. I  cha t d b hi hly d d ful y
m l fl h t , c v d by lyi  ma y l yer  of p int. T naly es h w d 
l d i e an c b  bl ck x s t r d with igm t r icles, typic lly hem -
tit  d v rmil on. Thi s l i a c w  he f nd s  a portr i  f H ri III,
ec y d scov r a d c a t Hi a d’ w rk in Franc [20]. I  the second group
f bj ts, cor p ng i tylistic h ng during 1580s, th fl sh to e app ar
p l , i  p f r nc f   l  m omp n n s, a th gh th  use of red
l k s, fa , c t b r ou . Y l w pigme , such as d in y llow n g -
, w r  s  n f e , l m ixe wi z it . 
h  r lt  r sc be i  T bl  3 n corr b te at Hilliard d scrib i hi
t ati . L w i  l w ind th  i l e r m d se f
r tio ; c se p  mp ex e u  f he d co pon nt, o tim
xed w   ll m t f m s co ( rm h t t t i p d ho ld b  un e o d
ad tin llo [21 22]), s r duc , wh rea  f r a rth o , ma ico nd ochre
houl  b ad [15]. Si lar ix s a crib d y N r , lt oug  does
t o he u of as co [1]. Ad i n lly, ci f c a al s r v d h  s e
of v i ch was i c u g by H l Norg thei  r a is s but was
c tl pl y  n  fl ton s y .
T vol m f m u buil up t r  h w t brown lin p int
t  cor r (Fi ur 1); v ili  t e m n p m f r th lip  du i g th  F ch
p rio , wh r s ro h 1580 , p k lak a  r d l ad ar  pr f rred. Th  p ration lin
b t  u p r low r p c i   a d ake. T sult  conf rm d a  w s
wr t n y Hil a Norg ,  h m rials o b us fo t e mout wer  l ke, r
l , nd h [1,15]. V m li  w s i nt  by sc ntif c a ys s as
ti igm nt p e t  
T y  w r v t ga d veral : eyel s li s, th ey  f d, a d
r r. Th las y li s wer e r lly traced ith la k r  lu ed
b igm , robab of o ani r gi nd p rti lly a . A s cond, da ke  li  cov-
ed th fi t d m of arb l c what lo ks lik rga ic br pig-
m nts (Figure 2 ); th  l e  r it th s c d in  a pea t  b pplied only  
yel sh an o li  fo d (Fig r 2b). The o y xc ti is on E.1178-1988,
w r fi st i es e ac d w t  t ri l. T  r se c  e a h is sh wn
o ly th  p rtr t f an u k w m  (P.8-1945), where dot re ain ed the
l w y la  li (F gu 2b).
H ll d w t  that  u l n s of t aci l f tur s hou d be awn by a fine pencil
(to b  unde st d a  a b s ) with a f int rose colour m de of a lake [15]; this probably 
or esp ds t  t brown lin  of g c origi  se during the analyses. 
The yes’ inne  corn r, wh n v sible, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
Tab  3. Mi a re b  Nichol s Hi l ar  w ich have undergone tech ical and sc entific examina-














































 L ad white   
V rmi ion     
Hematite       
Red lead       
Lead tin yellow I      
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
j s t h p i t  i Fr c ( . 4- , P.155-1910) d a o tr i of  unknown
(E.1177-1988) u i n t s r i le. I  char ct i by hi hl  w rk d a d fully
m fl h t , ac v d by p lyi  ma y lay r  of p int. T n ly es sh w d 
l d i e an c b  bl ck ix s tt d w th pigm t r icl s, typically hem -
tit v rmil on. Thi s l i a c w  he find s  a portr i  f H ri II,
rec y d ov r d oc a t Hi a ’s w rk in Franc [20]. I  the second group 
f bj ts, cor p ng  tylistic h ng durin 1580s, th fles to es app ar
p l , i h  p f r c f l  h m   comp n s, a th gh he u e of red
l k s, n fad , c t b ru . Y l w pigmen s, such as l d in y llow n  go -
, w r  s  i n fie , l m xe w az it . 
T  r lt  d sc be i  T bl  3 n  corr r t at H llia d d scribed i hi
t ati . L w i  l  w r nd th  i l e r o m d  se f
e tio ; c s p p ex t  u  f he d co pon nt, so tim
x d w h  ll m t f m s co ( m t t t i p d sh ld b under tood
s d tin y llo [21 22]), s r duc , wh reas f r w r h  , ma tico an oc re
houl  b d [15]. Si ilar x res a a crib d by N r a , lt oug  does
t o he u of ast cot [1]. Addi nally, c f c a a y r v a ed th  r s e
of v w i c g by H l Norg n thei  r atis s but was
c t ntl pl y n e fl on s ys .
Th volume f m u buil up t r i g h w t brown lin s p int
t  co r (F ur 1); v ilio  the m n p gm t f r th lip  u i g th  Fr ch
p rio , wh r s ro h 1580 , p k lak a  ed l ad ar  pr f rred. The p ation line
b  u p r d low r p c si  o  a d ake. T sults conf r d w s
wr t n y Hil a No g t , th rials o b us fo the mou h wer  l ke, r
l , n wh [1,15]. V m li w s i ent  by c entif c a ys s as
igm nt p e t
T y s w r v t g d i s v ral a e : l s i s, th ey d f , a d
in rn . The elas  y li s w r e l y traced ith bla k r a ilu ed
b igm t, obab of o an origi nd p rtially a . A s nd, da ker l  c v-
e th fi t d s m of arb l c what lo ks lik org nic brow pig-
m n s (Figu e 2 );  th r r it s con lin  pea t b plied only  
y l sh an o eli  fo d (Fig r  2b). T e y xc ti  is on E.1178-1988,
w er e fi st i es e ac d w t  r t ri l. Th  r se c  ela h is shown
o ly th  p rtr it f a u k w m  (P.8-1945), where dot are ain ed the
l w y la  l  (F gu 2b).
H lli d w t that t  ou lines f t ci l f atur s sh uld b d aw  b a fine pencil
(to b  unde st d s  b s ) wit a f int r s c lour m de of a lak  [15]; thi  prob bly 
or esp nds to t brown l n of orga c o igi  ee  during t e analyses.  
Th y s’ i ne  corn r, when vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Mi iat re by Ni ol s Hi l ar  which have undergone ech ical a d sc entific examina-
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j ts t h p t  F a c ( . 4- , P.155-1910) d a ortr i f  u kn wn
(E.1177-1988) u i  in h s r i l . I har cte by hi ly w rk d a d fully
m l fl h t e , ac v d by lyi  ma y lay r  of p int. T n ly es show d 
l d i and c b bl ck m x s t d igm t r icles, typi lly hema-
tit v mil on. Th s l i r a c w  he find s  a portr i  f H i III,
ec y d ov r nd c a t Hill a ’s wo k in Franc [20]. I  the second group
 j s, cor sp ng  tylistic h ng  duri  e 1580s, th fl sh t e  app ar
p l , i  p f r c fo l  h comp n t , alth gh th  use of red
l k s, n a , c t b ru d . Y l w pigment , suc  as l ad in y llow and go -
, w r   i n fie , ld m ixe wi z it . 
T  r lt c be i  T bl 3 n  co r te w at H lliard d scribed in hi
ti . L w it  le  w r nd rial h  r o me ed  e f
i ; c s  p mp ex o t e u  f the d co pon nt, ometim
x d w   ll m t f s o ( m h t t t i p i d h ld b u ersto d
s tin llo [21 22]), w s r d c , wh re  f r r hy , ma ticot an ochr
houl b dd [15]. Si ilar m x res a a crib d by N r a , lthough h  doe
n t he u of ast co [1]. Addi n lly, sci nt f c a aly  r v d th  s e
of v m  i w i c g by Hil n Norg  n thei  r at s s but was
c t ntly pl y  n e fl ones ly .
T volum f e m u buil  up t r i g h w s t brown lin s paint
t e cor r (F ur 1); v r ilio s the m n p gm t d for t lips du i g th  Fr nch
p rio , wh r s ro th 1580 , p nk lak a  ed l ad ar  p f rred. The p ration lin
b t  u p r nd low r p c si  o  a d ake. T results conf rm d  w s
wr t n y Hil a No g e,  th m rials o b us fo th  mouth wer  l ke, r
l , d h [1,15]. V m i  w s i enti  by c entif c a ys s as
igm nt p e e t.  
T ey s w r v t ga d i veral a : lash li s, th ey  f l , and
r . Th elas a d y l s w r e l y raced with a bla k r a iluted
b o i m n , babl of o an  o gi nd p rtially d d. A s nd, darke  li cov
r the fi t d s m of arb  bl k what lo ks lik  organic brow  pig-
m n (F gur 2 ); th  l rait  s c d lin p ar  t b pplied only on the
y l sh an  li  fo d (Fig r  2b). The y xc ti  i  on E.1178-1988,
w r fi t i es ac d w t  teri l. Th  r se c  la he is shown
o ly th  p tr f a u k w m  (P.8-1945), where dots are ainted on the
low y las l (F gu 2b .
H l d w te th t t e o lines f t cial f t s h u d be draw  b a fine pencil
(to b under to d s  b s ) with a f int r se colour made of a lake [15]; this pr bably
or espo ds to t b wn l ne of or an c origi  s e during the analyses.  
Th yes’ i ne  corn r, when vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Mi ia ur b  Ni ol s Hill ard w ich h ve un ergon  ech ical a d sc entific examina-
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j s t he p t  i F a ce ( . 4- , P.155-1910) d a portr of a  nknown
(E.1177-1988) s u i  in h s a i le. I  har ct sed by hi hl  w rk d and fully
m  fl h t s, ac v d by lyi  ma y lay r  of p nt. T n yses show d 
l i an c b  bl ck ix s a t d with igm t r icl s, typi ally hema-
tit milion. Th al o in a ce w he find s o  a portrai of H nri III,
c y d v r nd ci t H ar ’ work in Franc [20]. I  th second group
f j ts, co sp ng  stylistic h ng  duri g e 1580s, t fles  t es app ar
p l , i p r c f l  h r comp ne ts, alth gh he us  of red
l k s, n w a , ot b r d . Y l w pigme t , suc  as l ad tin y llow and go -
, w r   i ntif e , l om x wi az it .  
h r lt c b i  T bl  3 n  co r t w at H llia d d scribed in hi
t i . L w i  l  wer nd th  t al he r ommended  e for
ti ; h cas p p ex o  u  f the d co pon nt, s metim
x d w   ll m t f stico ( m h t t t s p ri  sh ld b  und rstood
l tin ll [21 22]), s r duce , wh r  or s thy on , masticot and oc res
houl b d d [15]. Si ilar mix es a e a crib d by N r a , altho gh he doe
n t o the u e of ast co [1]. Add i n lly, sc nt f c a aly  rev a ed th  pr s e
of v w i c ge by H l nd Norg  n thei  reat s s but was
t tly mpl y n e fl on lys .  
T vol f m u w buil  up t r i g h w s t brown li s paint
t e co (F ur 1); v r ilio s the m n p m t d for t lips u i g th  French
p rio , wh r s ro th 1580 , p nk lak and ed l ad ar  pref rred. Th  sepa ation line
b  u p r n low r p c t   a d ake. T r sults confir d at w s
r t n y Hil an Norg , a  th m rials o b us  fo h  mouth were l ke, r
, h gm [1,15]. V m i  w s i enti  by cientif c a alyses as a
i  pigm nt p e e t   
T y s w r v tiga d v al are : lash i s, th ey d f d, and
r . Th las d y lid s w r e l y raced with a black or a iluted
b o pi m , r bab f o an or gi partia ly ad d. A s nd, darker l  c v-
fi t d s m of carb  bl ck what lo ks lik  organic brow  pig-
m (Figur 2 ); the t  p r it th  s co d in  a p ars t b a pl ed only on the
l sh an  eli  fo d (Fig re 2b . The ly xc ti  is on E.1178-1988,
w r h fi st i s e t ac d th  t ri l. T  r se c  ela he is shown
o ly th  p tr f  u k wn w m  (P.8-1945), where dots are painted on the
low y las  l (F gu 2b .
H l a d w t that th  o lines f t ac al f atures sh uld b drawn by a fine pencil 
( b  under to d s  b us ) with a f int r s  colour made of  lake [15]; thi  pr bably
cor espo ds t  t b o n l nes of or a c origi  ee during t e analyses.  
Th ey s’ i ner corn r, wh n vis ble, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Mi ture by Ni ol s Hill ard which h ve ndergon  ech ical a d sc entific examina-
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j c s t  p t  F ce ( . 4- , P.155-1910) d a portr i f  u known
(E.1177-1988) s u i  in h s i e. I har ct sed by h  rk d and fully
l fle h to s, ac v d by lyi  ma y lay of p in . T alyses showed a
l i an ca b  bl ck rix sca t r d igm t r icl s, typically hema-
tit v mili n. Thi al in a ce w  the find gs o  a portrait of H n i III,
ec y d s v r and t t  H iar ’ w k in Franc  [20]. In the second group
o j s, c r sp ng  stylistic h ng  during e 1580s, th flesh to e  appear
p l , i  p r c f l  h n r comp n t , alth gh the use of red
l k s, n a , a ot b r  u . Y l w pigme t , such as l ad tin y llow and go -
, w r   i n f e , l om ix wi  az rit .  
r lt sc b i  T bl 3 n  co r t w at H lliard d scribed in hi
i . L w i   w r nde t al h  r o mended t  use for
i ; cas a p mp ex o   u  f the d co p n nt, sometimes
x d w   ll m t f m ti o ( t m t at t s p ri  sh l  b  u rstood
l a tin ll [21,22]), s r d c d, wh r  or s rthy ne, masticot and ochr
houl b d d [15]. Si ilar mix es a e al d crib d by N r a , ltho gh h  does
t n the u of ast co [1]. Addi i nally, ci t f c a aly  r v al d th  pr s e
of v o , w ch w s i co g by H l nd Norg  n their reatises but was
s t tl pl y n e fl ton s lys .  
T vol e f m u w buil up t r i g h w t br w  li s paint
t  r r (F gur 1); v rmilio  the m n p m t ed or t e lips uri g th  French
riod, wh r s from th 1580 , p nk l and ed l ad ar  p f rred. Th  s paration line
b  u p r nd low r p c t   a ake. T r sults confirm d at was
wr t  y Hil an Norg , a  th m r als o b us  fo th  mouth were lake, r
, d a h gm  [1,15]. V m li  w s identi i  by cientific analyses as an 
ti  pigm nt p e e t.  
T y s w r v st ga d veral ar : lash li s, th  ey d f ld, and
r . Th las y l l s r ge l y traced with a black or a iluted
b pigm n , robab f gan o g nd p rtial y d d. A s nd, darke  li e cov
fi t d s m of carb l k n what lo ks lik  organic brown pig-
m (F gur 2a); the l  p r it t  s co d in a pears t  be appl ed only on the
l sh eli fo d (Fig re 2b . The l  xc i  is on E.1178-1988,
w r h i t i es re t ac d w th  t ri l. T  r se ce f e la he is shown
o ly th p rtr t f a unk wn wom n (P.8-1945), where dots are painted on the 
lo y las  l n  (Figur  2b).
H l a d w t th t th o lines f t aci l feat s sh uld be drawn y a fine pencil
(t b unde st d s  b us ) with a fai t r s colour made of  lake [15]; this probably 
cor esp ds t  th b wn l n s of or an c origi  s e  du ing analyses.  
Th ey s’ ner corner, wh n vis ble, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Table 3. Min at r by Ni ol s Hi l ar  which h ve un ergon  ech ical a d sc entific examina-














































 L ad white   
V rmi ion     
Hematite      
Red lead       
Lead tin yellow I      
Lead tin yellow I
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bj ct t  p e  F a e (P.154-1910, P.155-1910) d a p rt t f a nk own
(E. 177-1988) di i thi rti . I is r t ed by hi l rk d nd fully
 o , i v  by ap lyin  a y laye of p nt. T n yses sh wed a
d t c rb b ck m x s ter r d pigm n partic s, typi lly hem
it an l n. T s al o i nc w th fi gs  a portrait f H n i III,
rec ly s v r  s o ia Hil a d’ w k i  Fr nc  [20]. In t econ group
f o je t , c p g hi yli tic h nge uri g 1580s, t fles  t e app a
l , f n f l a h  a  e mp n , a th gh he us  f red
l k s, n w fad d, ca t b rul . Yell w pigmen , suc  s d tin y llow n  g -
i ,  ifi , l m x i z r t . 
T r lt c be  T l 3 n r b wh Hi li escribed in hi
t e. L  w i  l ad w nd l  co m n d t  for
he a i n; in the c s p mp x o t  u of the d compo nt, im
xed w a m l m unt f s o e ( r  t t at t i p ri d ld b  u r to d
s l tin yell w [21,22]), w s uc , wh r as for a sw hy ne, mas ico and c r
s o l b a [15]. S milar mix r s a  o rib d by Norga , thoug  he doe
t  u of a co [1] Ad lly, sc f c na y s v led t  p s nc
v mi i , w ich wa i c u ge by H n Norg t i t ir r at ses bu
cons ly p y n e f s to ly .
T volum f t e m uth was bu lt up t r g w tw ho t brow lin  p int d
e c n  (Figu 1); v m li n s the p gme t f r he lip  during the F nch
, h r as from h 1580 , p nk s  re l ar  p f rr . Th pa ation lin
tw p r r p c siste of a ak . T r sults confir d w a  w s
r t H i n  N s th m t o be u for mout wer  ak , r d
l , d h e igm [1,15]. V i i n as i e tif e  by sc if c analyses as an
d ion igm nt t.
T y s w r v st g d i  v a a : th e l s i s, th eli f d, d he
c r. Th l s w r g rally ac d ith bl ck r a ilu ed
b m , r abl f ga  igi p rti y d . A s c , dark  l e c v
 t fi s d  m  of carbo bl k n  what looks lik organic br wn pig-
m t (F gur 2 );  t r po rait , t n lin pp a t be applied onl  
l s o t d fo d (Fig r  2b). T e  xc tion i  on E.1178-1988,
st li s t ac d th  te ial. T s nc  of e lash is hown
o ly  p t f n u kno wom (P.8-1945), wh re d t  paint d the
l y h l (F gur  2 .
H l iard ot that t e l es f t  f c l fe t e h u d b awn y a fine pencil
(t b und t d   brus ) with a faint ros colour de of a lak  [15]; thi  pr bably
cor espon s to  b lin s f orga c rig  en du ing analyses.  
Th eyes’ ner corn r, whe  visible, is painted with a red material, the composition 
of which varies for each miniature.  
T bl  3. Mini t r s b  Nicholas Hilliard w ich have n ergone technical and scientific examina-














































 Lead white        
Vermi ion      
Hematite         
Red lead         
Lead tin yellow I        
As sulfide
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bj cts that e paint  in F a (P.154-19 0, P. 5-1910)  rt t f u k w
m n (E.1177-1988) u i  in thi ar i l . It is t r s by i w k l y
d l d lesh to e , chi v d y applyi  a y l ye s p i . T  ys h e
l d w i d carb bl ck t x catt r  p g nt s, ty lly h m -
tit  an verm l n. Th als  in c d c th f n i g  a ait f H n i III,
rec tly isc vere   o i Hi ’s rk i F [20]. I s c g oup
of obje ts, c rr pon ing t his stylistic g dur t 1580s h f sh es ppea
pal , ith  pr fe e f r e l  a  he r d e t , al g u f r
l k s, now faded, ca n t b r . Y l w pig n s, s  ti y ll w n  g -
ite, w re ls  i nt fied, l om m x with zur
T re ults r d c be  i Ta l 3  orr b  w  H i d cr b i h
treatise. L d i and r  l ad w re e h ls r co m n t f
the c r a io ; i  th  c s of p co pl xi t u f r d c mp nt, o m
mixed with a smal am nt of a c t (a rm h at is ri d s d d s o
l ad ti  ye l w [21,22]), w s ed c , wher s f a w y n , t c res
shoul  be add d [15]. S m la xt  so s ib by N rg t , th gh h do
 m n the us f mastic t [1]. Ad i ion lly, ci f c y s v d  r nc
of v mi , which a discour ed by H d N rg i ir r at s
consist ly mploy d  he f h to al .  
The volu e f t  mouth was bu lt u st rt g h t o sho t br s t
a h  corn (Figure 1); v m l o  t m  pig n s o t li i g h F nc
pe od, h r s f m the 1580s, pink ak r d ad p f r . T s ion l n
et een u p r d low  i co s sted f k . Th sult c f wh t w s
wr te  by Hilli rd d No t , he te l   us f h ut re l , re
lea , and a wh e m nt [1,15]. V r i was id t fied c e if c ly s
addi ion  pigm t p t.
The y s ere inv s i a ed i  s v a a s: he li s, h id f l , d th
n r co ne . T ey a d eye i  s r g ra ly ac h  bl ck  a lu e
br wn m n , p b bl of ga ic orig d ially fad . A s c n , da k li e c v-
r  t e fi t o and w s m d f carbon b ck hat o k like rg ic b w pig-
ments (Figure 2 ); n p r it , co  l n  pp  p  nl o  e
yel h in o the yelid f ld (Fi r 2 ). Th nly xc pt i E.1178-1988,
wh re h fi st i  a trac d wit a d m t ia . Th p s ce of e  ho
nly the port i of an unkno  w (P.8-1945), w re d t  a p i t he 
lower eyelash l e (F gur 2b .
Hilliard wrote that the ou lines of th f cial features sh ul b aw  b a fine p il 
(to be unde tood as a b ush) with a faint ros colour m d of a lake [15]; t s pr bably
corresponds to t e brown lines of g c orig n e n dur ng t e analy s. 
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examin -














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
Azurite
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j c s th h  p i t F (P. 4-19 0, P.155-1910) an a por rait f n k ow
m (E.1177-1988) stud d a i . It is h r s by hi ly ed n lly
d l sh to es, v plyi m y l y f p in . T alys s sho d 
a  w i n  c r lack a x ca e w t re i m t p rticle , y cally hem -
i e n v rm i n. T i l i r ith t  fi ngs a p trait f H nri III
c y sc v r  s ci d Hi i r ’ w k Fr nc [20]. I s r
f bj c , c rr spon g o his ty is c g du ing h  1580s, e fl s t nes appea
p wi  a p fe c f  d n p n ts, h g  the us o re
l k , now f , ca r . Y lo pig n s, ad ti  y w an g -
t , w r ls e t d, s l m h azu .
Th r sults d scrib  T  3 or  w  il i r cr b in hi
r t e. L a h te an r l ad we  d th  r  re o m nd to s f
t  c a i n; t c f a pal c p x h  f the red c m o e t, om tim
xed al am f a co ( t a  r o s ould  u er oo
ead i l w [21,22]), c , w fo a t y , mas ico nd c
h d b  ad d [15]. Sim a  xt r  ar ib y N rg t , lthoug  e doe
o m n t  u f s i e [1]. A ti n y, c fic a y s v l d h c
of v r n, wh w i c H ll r  n  Norga i i tr t se b t w s
c s st l pl y  th fl  d.
volu f t  m u bu l up s ar  with two o t brown i p i
t (Figu 1); v mil t p m t f e ip  d in  F nc
p io , wh s f om h 1580 , p k a  p f r . Th s ation li e
t e  u p r a l r i c s t d f  d l . T su ts c fi m wh t was 
wr t n by Hi rd d N g , th a i ls b us f h m ut r  k , r
l a , a  a wh m  [1,15]. V rmi i a i f ed y sc ntific a ly s s n
a d on l p t
T  y s w  i v s ig i v al : h li s, t e i f ld, 
i e cor T y lid n s we g ally ac w th  la k or ilu
b own p gm t, p b l of ga i or gin d p t l y fad . A s d, rke lin cov-
r  e s o nd w m f c rb k n h lo ks ke o g ic r n pig-
me  (Figure 2 );  the tr h co d  p t b ppl on 
y a  li  an  t o  h  f d (F ur 2b) T nly xcep io i  n E.1178-1988,
w re f t l tr c  a r d m r Th  f ey ash s sh w
nly on th p rtr it f a unk wn wo  (P.8-1945), wher d t r  p in ed n the
l w r eyela h li (Figure 2b).
H lliard wr t  that th  ut i e f t faci l f tur s s ul be n by fine p nci
(to b  unde stood a  a brus ) wit  a fain  rose colour made of  lake [15]; th s probably 
corresponds to the brown lines of organic origin een during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Mini tur s by Nicholas Hilliard which have undergone technical and scientific examina-
tion. Greyed-out cells indicate that no analysis was carried out. 













































 Lead w ite         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
Indigo
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obj cts th t he p in in Fra c (P.154-1910, P.155-1910) a po a n u kn
m (E.1177-1988) s u ied in th r cle. It is a by hly w k fu ly
mo l d l sh ton , achiev  by applyi ma y lay of p i t. T l e  w
l a hi e nd c on bl ck m t x sc tt re t re  pigme t a , yp lly -
it an vermilion. Th is lso i c r c t  th fi g o po it f H r III
ecen ly discov re n  a c a t H l iard’ w rk  F [20]. In e  gr
of bjec , c rr spon ing to hi  t i tic ch ng duri g h 1580 ,  f s t s pp
pa ith p fe nce fo  re a s h a  omp n l  the u
lak s, now fad d, cann be r le u . Y ll w pi , uc  l ti y w d g -
h t , wer ls  i nt fi d, seld m i i zu it .
The r sul re d cr b d in T b  3 r b r t t H l r in hi
tr atise. L a h t  an  ad were ind th m ri s com en f
t c at o ; i  c  a pal  p ex f c ent, s
mix  with a smal mount of st cot ( te t t r d b u s
as le d tin ellow [21,22]), w e u , wh s fo a w e, sti t and oc e
sho ld e a ded [15]. Si l r ix u es ar o crib by N g t , l gh oe
 me on he us  f st cote [1]. A d t n l y, ci f c a al s v  r
f vermil ch was sc u g d by H l   No i  i tre t s but w s
consist ly mpl y d n th  f sh to s d.  
The volum of t m ut w bui up rt t sho b own i s p
at  c rn rs (Figure 1); v r ili  th m pi m t us  f   i i  Fr h
p riod, whe s fro h 1580s, pi l k s nd l  r p ef . Th s o li
b t e upp r n low r ip co s of ed . T u ts c f d w a w s
wr t n by Hilli rd a d N gat , th ials b s f t u h w r k ,
l ad, and a whit  [1,15]. V m i a i by sc if c alys s s
addi i al pigm p s t. 
Th ey s er  i v stig d  ev al ar as: s, th fold,
in er corner T y lid a y ce t a b k  a dilu
brow p m t, p b bly f o g nic origin pa ti ly f . A c nd, ker lin v-
r t e f r d s made f ca b b w at lo ks l k g ic r w  p g-
m ts (Figure 2a);  th  l er port ai s, t s c d p ars p d on the
y lash and no eyelid fo d (F gur 2b). Th y x p i n i n E.1178-1988,
w ere the f st lines are r ced ith a red teri l The pr ence eyelash sh n
only on the po trai  f an unkn m  (P.8-1945), here d s are pain ed  the
lower yelash li (F gur 2b . 
Hilliard wrote that t e ou lines f t e facial featur s s o ld b dr wn by a fine pencil
(to be under tood as a brush) with a faint rose colour made of a lake [15]; this pr bably
corresponds to the brown lines of organic origin seen duri g the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each i iature. 
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white     
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
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bj t p i t i F c (P.154-1910, P. 5-1910) d p rtr i f  unknown
(E 1177-1988) u i t is r l . I i h cte is d by i ly w k d an  fully
d fle h s, a iev by pplyi a y laye of p in . T nalyses s owed a
i n ca n k tr x s a w t  pigm t par icl s, ypically h ma
i a v r il . T i is al i a r n w  th f s  a por rait of H nri III,
r y c v  a c a to H lliard’  work in France [20]. I the econ  gr up
bj , c r sp ing o is tylis i a g du ing  1580s flesh t es appea
p l i  pr f fo  d l  m n  omp n s l  the us  of red
k , n f , c n t r l ou . Y ll w pigm , suc  as l d tin yell w and go -
h , w id f , l om ix d i z it .  
Th  l s d c ib  i T bl  3 nd corr b t  w at Hillia d escribed in hi
i . L i d  l w r e th  ma ia comm n d t  u  for
ca o ; i th cas o p  x on t u  f d compon nt, some ime
x w  l mo t of m co ( rm th t t s r od sho ld be u derstood
i ye l  [21,22]), a r d c , w r as for r hy on , sticote and ochre
o ld d d [15]. Si il r mix r s a al  s ib d by N rga , lthoug he does
t u f s c t [1]. Add ion ly, ci f c anal es eve led th  pres
f v mi i , wh ch w iscou g  H lli n  Norgat  i eir reatises bu
co t ly mpl n fl h to s a y e .  
T volum m ut w built up t rt g t s o brown lin  pain
t t  r (F ur 1); v i o  t m p gm t u fo  th  lips u i g th  French
p i , r s from h 1580s, pin l s and ed l a r preferre . The s pa atio  lin
b t en u r n l w r i c te o   r k . T e r ults co fi m d w at was
wri n y Hi li d a d N t , s th m t i ls b us for the mouth ere ak , r
a ,  w gm n [1,15]. V m io i enti i y scientif c analyses as a
i ig t p s .
T ey s w r v stiga e in s v al ar s: the ey lash li s, th  eye id f ld, and
r T y  nd y lid l s w e g n rally t c  i h bl ck or a diluted
o p gm t, f i origin d part l y f d. A s cond, darker li e cov-
r d n  d s ma f ca b lack n what looks lik  orga ic brown pig-
s (F gure 2 );  e la r rtr , the econd ap e rs be appl d nly on the
y l sh i n  o o yeli fo d (Fig r  2b). The o ly xc tion is on E.1178-1988,
wh r he fi t i es r t ac w th r te i l. Th  r s nce of elashe s shown
o ly the p rtr it f n u k w  oman (P.8-1945), where d ts re painted n the
low y l s  l  (Figu  2b). 
H lliard w te that the ou ines of the facial f tures should be drawn by a fine pencil 
(to be understood as a brus ) with a faint rose colour made of a lake [15]; this probably 
corresponds to the brown lines of organic origin een during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Mini tur s by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white   
V rmi ion     
Hematite         
Red lead         
Lead tin yellow I        Li
ps
Red lead
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obj cts that  p i t  i  F  (P.154-1910, P.155-1910)   po t a    unk ow
man (E.1177-1988) s u i d i  thi  ic e. I  is h t is d y i hly w k   ful y 
modelled flesh on s, a hi v  by a plying many l y  of p i . Th  ys  s  
ad w ite  c b  bl ck m tr x sc tt re  w th r  p m  r c s, y lly 
it  and v r i ion. Thi  is al o i  r a c  wi  th  finding   a por r it of H r III, 
recently discov r d n  as oci  o Hilliar ’s work i F ce [20]. In  c g up 
of objec s, corr sponding to his t listic c ange ring th 1580 , he fl  ne  ppe  
pal , wi h  pr e n  f r re  l ad  the i  r  , al  us   r d 
lakes, now f d d, cann t be ule  . Yello  pig , u  s e tin y o  g -
th t , wer  l o ident fied, ldom ix d i  zurit   
 r l s ar  d crib  in l  3 a  rob at   Hilli  scrib  i  h  
tr atise. Lead whit  and d lead w  nd  he e ls e c t  f  
the ca n tion; i  the c s f  p l  o pl xi  h  u  f  r  c po t,  
mixe  wi h a s all mount of a i e (a m th t  i  i d h ul  be u d s o  
as lead tin yellow [21,22]), wa  u e , er  f r  sw hy n , t  an  c re  
should e ded [15]. Si il  mixt s r  als es ribe  by N g t , lth g  does 
not me tion he u  of asticote [1]. A dition lly, ci tific a l se ve l t e s c  
f vermilio , hi h wa  isc ur g by Hi li r  nd N r t  i h ir r tis s u
siste tly emplo d  t  fl sh t s n y ed.  
The volum of t e m ut  w s bui t up st i  w th t  sh  n li  p  
t the cor rs (Figure 1); v r li  is th  m i  pi t se  f  h  li  u  h  Fre h 
p riod, whe as from 1580 , pink l k and  l d r  f r d. Th  e  li  
betw n upper d l w  lip co ist  of  r lak . Th  r ul s co fi m  w  w s 
r tt n by Hilli d and N gat , as  a i l  t   us  f th  ou h  k ,  
lea , a d a wh  igm t [1,15]. Ve li  as i nt fie  by sc if c nal s s  
addi i al pigme t p e t.  
T e ey s wer  i v stig d i  eve l ar s: t  l  li s, t  li  fo ,  e 
in  corn . T  y l sh an eyelid li  e  g n r lly ac  ith  b ck o   ilut  
brown pigme t, pr b bly f    p rt ally f . A sec , a k  i  c v-
er d t e fir t e a d as mad  f ca b bla k d  looks k  g ic br  g-
m nts (F gu e 2 ); on t  te  port its, h  s c nd li  pp rs t   ppl d ly  t e 
eyelash lin  and not on e y li  fold (Fig re 2b). The only excepti  i E.1178-1988,
where the first lines e trac d wi h  red mate ial. The p es n e of ye a s i  sh  
only on the portrait f an unknown oma (P.8-1945), wh r  dots  p int d n t e
lower eyel sh line (Figur 2b).
Hilliard wrote that the outlines of t e facial fe tures hou be dr wn by fine pen il 
(to be understood as a brus ) wit  a fain  rose colour made of a lake [15]; t is probably 
corresponds to the brown lines of organic origin seen during the analyses.  
The eyes’ i ner corn r, wh  visible, is painted with a r d material, the composition 
of which varies for each miniature. 
Tabl  3. Miniatur s by Nicholas Hi liard which have undergone technica  a d scie tific examina-














































 Lead w ite         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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obj c s that  p t d i  F c  (P.154-19 0, P.155-1910) and po t a f  u k ow  
man (E.1177-1988) s udi d i  thi  ticle. I  is t is  y i hly w k d  ful y 
mode l d lesh on s, achi ve  by a plying m ny l y  of p in . T  lys   
l ad white d c b bl ck m rix sc t r  ith r  p gm t ar c , y i lly -
it  and v r il on. Thi  is al o i  r c   th  findi gs  a po it of H r III, 
r cently discov red n  ocia  to Hill a ’ work i F  [20]. In  c  g up 
of bjec s, corr sponding o h  t li tic ng  rin  t  1580 , e fl  t ne  ppea  
pal , wi h  pr e n  f r re  l d  the i   e , al  u   r d 
lak s, no  fad d, ca n be ule t. Y ll  pig , u   ad ti  y l   g -
th te, w re l o dent fied, ldom m x  wi  zurite.  
 r l  r  d crib i l  3 a  rrob h  Hi li  scrib  i  h s 
tr atise. Lead whit  a d d l d w  i d  h  ls e c d t  f
the ca n tion; n the cas  f  p l  o pl xi  h  us  f  d co po e t, s 
mixe with a s all am unt f a ti te (  m t t   i d h ul be u s  
as le  ti  yell w [21,22]), wa  uce , er  f r  w hy n , s ic t  an c re  
should  d d [15]. S il mixt s r  also s rib  by N g t , though does 
no  me t n he u  of as icote [1]. A ditionally, ci ific l s ve le t  r c  
f v rmilio , hich wa  isc u g by Hilli r  Nor  th ir r tis s bu s 
sist ly emplo d  t  flesh t s n ed.   
The volum  of the m uth w  buil  up st t   t sh  n li s p  
at th  c rs (Figur  1); v li is th  m i  pi t use f  h  l  u i  h  F  
p riod, h as f om 1580s, p n  l k  and  l d  f r d. Th  e i  l n  
b tw n upper d l w  ip co ist  of  r  ak . Th  r ul s co fi  w s 
r tt n by Hilli d a d Norgate, s  ma  t   s  f  t  u   l k ,  
lead,  a wh  igme t [1,15]. Ver ilion a  id nt i  by sc if c n l s s  
addi ional pigm t pr t.  
The y s w  investig d i  v l s: t  l li s, t  li  f ,  
in r cor . T  y h an  eyeli  lin s e  g n r lly ac  ith bl ck   ilu  
br wn igmen , pr b bly f   d p rt lly f . A s c , a k  l  c v-
r d t e fi t ne a d as mad  f ca bo bla k d t lo ks k  g ic br  g-
m nts (Figu e 2 ); on t t port ai ,  s cond lin  pp r    pl d l  the 
eyelash lin  a  no n e yeli  fold (Figure 2b). Th  nly x epti  i n E.1178-1988,
w re he first lines r trac d with a red mate ial. Th p n of eyela h i ho  
only on th  port ait f a unkno n oma (P.8-1945), wh r dots  p int d on the
lower eyelash l ne (F gur 2b).
Hilliard wrote that the utlines of t e ac al features should b rawn by a fine pencil 
(to b  understood a  a brush) with a faint rose colour made of a lak  [15]; th  pr bably 
corresponds to th  brown lines of orga ic orig n ee  during t e analyses. 
The eyes’ i ner corn r, wh  visible, is painted with a r d material, the composition 
of which vari s for each i iature. 
Tabl  3. Miniatur s by Nicholas Hi liard which have undergone technica  a d scie tific examina-
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bj ts that  p i  i  Fr (P.154-1910, P.155-1910)  p t ai  f a  u k w
a  (E.1177-1988) u i  i  his ic . I  is a te i  y igh y k  ful y 
mo ll d lesh s, a hi ve  by plying m y l y   p in . T  lys  s we  
 hi  d c b  bl ck m t x s tt r d w t  r d p g t pa c s, y ally 
it  n  v r il . Thi s al o i  r i  e f nd s o   po rait of H nri III  
r c tly i ov d n  ss i t  to Hillia ’s work F c  [20]. I  co  g up 
of objec s, corresp n ing to hi  t li tic ng  g  1580 ,  fl   ppe  
p l , wi h  pr r n  f r re  l   th i p , al  he u  r  
l ke , no f , c n t b  ul . Y ll  p g , u  s tin y   g -
th , w  als  i e t f , l om ix  i  zu ite.  
 r l s r  c ib  n l  3 a  or o  h  H i cr b d i  h  
tr ati e. L ad hi  and  l d w  d ed ls  co  t  s f  
 n tion; i th  cas  f p  o l xi  t  u f   c po t, o m  
mixe wi h a mal  m unt f m i  (a  t  i  d sh  b  u rsto  
s le  i  yell w [21,22]), w  ,  f r  s r y n , s t  a d oc re  
should e d d [15]. S mil r mixtu s r  als rib  by N gat , lth g  h oes 
ot me t n he u  of as icote [1]. A di ion lly, ci tific se  ve e   p e c  
f v rmil , hich w i c u ag  by Hillia d No g  i  th i r tis s bu  
ist ly mplo d   fl sh s n ed.  
Th  volum  of t m u  s bui t up t rt  th t  sh  w   p  
t th  r r (Fi ur 1); v ili  is th m i  pi t se  f   li  u i g h  Fr h 
ri d, h  f m 1580s, pink a an  l d r  ef r e . Th  e i n lin  
b w n u p r d l w r i co ist  of  r  ak . Th s  ul s co f m  w t w s 
r t n by Hi li d an  N t , s  a    us  f t  u h w  k , r  
l a , d wh  gm t [1,15]. V m li  s i fie  by c e if c an ly es s  
addi i al pigment p t.  
T ey s wer inv tig d i  v l ar :  lin s, t  y id fol , n  
n  cor . T  y l s  y li  li   g n l y c ith  bl ck or  ilu e  
r w  igme , p b bly f    y f . A , da k r li  c v-
t e f r t  a d  m  f c b b k d t l k  k  o g ic bro  g-
m n s (F gu e 2 ); o  t po t ai s,  nd li  p r  ppl d l o   
ey lash    n e yeli  fold (Figur  2b). T l  xc pti  i E.1178-1988,
here he i st l es ar tr c d w t  r d mate ial. Th p e f yelashe  is ho n 
only on the port a t f n u kn oma (P.8-1945), wh r  d ts p in d n the
lo er yel sh l e (F gur 2b).
Hil ard wrote that th  o line f facial f atures sh uld b  rawn y a fine pencil 
(to be understood s  brush) with a fai t r s  colour made of a lake [15]; th s probably 
cor esponds to the b own l nes of or an c origin seen du ing analy es.  
Th  eyes’ ner corner, wh  vis ble, is painted with a r d material, the composition 
of which varies for each miniature. 
Tabl  3. Miniatur s by Ni ol s Hi liard which h ve undergon  ech ica  a d scie tific examina-
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j c s that  p t d i  Fr  (P.154-19 0, P.155-1910)  po tr f  unk o
a (E.1177-1988) i d in hi  icl . I  is h te is y highly w ke  an ful y 
mo ll d les o , a hi ve  by lying m y l y s  p in . T  l s  we  
 hi  d c b b ck t x s t r  t  r  p g t art c s, y ly
it  n  v r il . Th  is al  i  r i the f ndi gs o   po rait f H nri III, 
r ce tly i cov d n  ss i to Hillia ’ wo k F  [20]. In  c  g up 
of bj c s, c rr sp n i g to h  t lis i  g  ng  1580 , e fl  n  ppe  
p l , wi h  pr e n f r re  l   e i  , al  u  o d 
l k , n f d , ca n  b le u . Y l  p g , u h  ea  ti  y l w  g -
, w  lso i e t f e , l om ix d i  zurite.  
 r l r  d c ib in l  3 a  h  Hi i s r  i  hi  
tr ati e. L d whi  and  le d w  d d ls he o e  t  u  f r 
the ca n tion; i  h  c s  of a p  o l xi   u f  d compo e t, som im  
mixe wi h s al  m u t f i  (   t   d sh ul  b  sto  
l  i  yell w [21,22]),  c , w  f   r hy n , s c t  and c re  
hould  d d [15]. S il  mixt s r  s rib  by N gat , althoug   oes 
 e tion he u  of as icote [1]. A i ion lly, ci if c a l s  ve le  r c  
f v rmili , ich w isc u ag  by Hilli  Norg  th ir r is s bu  
sis tly emplo d   f s n ed.  
T  vol m  of th  m uth w  b il  up st r   t s  wn  p  
th r r (Fi ur  1); v lio is th m i  pi  us  f  e lip uri g he Fr h 
p r d, h  f m  1580 , p n  la a d l d r  ferre . Th  e i n lin  
b w n upp r d l w  li  co st  f  r  ak . T r ul s c f m t w s 
r t n by Hi l d a d N r at , s  a    s  f  uth w  k ,  
l a , a d whi  gm  [1,15]. V m li  s i  by sc ific n ly es s  
addi io l pigm t p e t.  
T e y s wer inve ti d  ev l r as: t l lines,  lid fol , an e 
n  cor . T  y l   y  l n s  g n ly t ac  th bl ck r  ilu ed 
r w  igme t, p b bly   ly f d. A s c , da k li  v-
r d t e f r t n  a d a  m d  f c bo b ck  t k  k  o ga ic br  g-
m ts (F gu  2 ); n t e po i  d i  rs   ppl d l o  e 
yel sh n  and not on e yel  fold (Figur  2b). Th  xc pt  i E.1178-1988,
w re  first lin s  tr c d with  ed m te ial. T e pr e of y la h s s h
only o  th  port ait f a unknow oma (P.8-1945), wh r  d ts  p in ed n the
lower ey l sh l e (F gure 2b).
Hil ard rote that th o lines f the aci l features should be dr wn by a fine pencil
(to b  under t d as a b us ) with a faint ros colour ade of a lake [15]; this probably 
corresponds t  the b own lines of nic origin s during th  analyses.  
The eyes’ i ner corner, wh  visible, is painted with a r d material, the composition 
of which vari s for each i iature. 
Tabl  3. Min atur s by Nicholas Hi liard which h ve undergon  tech ica  a d scientific examina-
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bj c s t at  p  i  F ( . 4- , P.155-19 0)  p t a t f  u k wn 
an (E.1177-1988) u i  in thi  icl . I   h r t is y hi hly w ke  a  fully 
mo ll d les o , achi v by plyi g m y l y s  p in . T  alys  s we   
l  h t d c b b k t x s ter  it  r  p g t rtic , y ally a-
it  v r il . This s al  i  c d c th f di gs o  a po rait f H n i III, 
r c nt y is v d  ss ia  o Hilli ’ o k F  [20]. In co  g p 
f bj cts, c rr sp n i g o h  t li i  g g  1580s, e fl  n  ppe  
p l , wi h  p c  f l   i  e , l  us  d 
l k , n faded, ca n b  e . Y ll  p g e t , u  s  ti  y l w  g -
h ,  lso i t f , ldom i i  zurit .  
 r l r  d c ib  n  3 a  h  Hi i scri ed i  h s 
tr ati e. L ad i  and  le d w  d d ls h  co me d to  for
the c n tio ; i th cas  of a p  o l xi    f   c mpo t, o im s 
ixe wit s al  m unt f a  ( h t a i p i d sh ul  be u sto  
l i  y ll [21,22]),  d, w  f  hy n , s t a d c res 
h uld b  d [15]. S il  mixt s  als  rib  by N at , lth gh  oes 
 e tion he u of mas icot [1]  A di i n lly, ci tific a ys v  r s c  
f v rmili , hich w  isc u ag by Hilli r Norg   th ir r tis s bu  w s 
sis tl mplo d   f es  y ed.  
The vol m  of t  m u  w  bui up st r   t sh t wn s p ted
r rs (Figur  1); v r li is th  m i  i t us  f r  lip  du i g th  Fr h 
p i d, h f m 1580 , pin  ak a d r  l  r  f r . Th  i n lin  
b w n upp r d l w  li  co ist  f  ak . Th r sul s co fi m t w s 
r t n y Hilli d  No te,  a  o b  f t  ou h w r  l , r  
l , d w i  gm  [1,15]. V r li n as i i  by sc ific n ly es s  
addi i l pigme t p t.  
Th  ey s wer  inv stig d  ev l reas:  l h lin s, t  li  fol , a e 
n r corn . T  ey la  n  i   g n lly ce  th bl ck or iluted 
br  igme t, p bly   lly fad . A s c , d k li  v-
r d t e f t  a d  m d  f c b k w t l ks k  o g nic b g-
m nts (F gu e 2 ); n t  po i , h  cond i  pp rs  ppl ed o ly  e
y l sh li nd ot  ye i  f ld (Figur  2b). T e ly xc pti  is  E.1178-1988,
 he f st li s tr c  with a d te ial. T pr s of yela hes is hown
o ly  the port a t f a unknow  wom (P.8-1945), wh r  d t  a  p int d o the 
lower eyela h l e (F gur 2b).
Hilliard wr te that the tlines of t  cial featur s uld be d awn by a fine pencil 
(to b  underst d as a b us ) with a faint rose colour m de of a lake [15]; this p obably 
cor esp nds t  t brow  lin s of orga c orig  see  during the analys s.  
The eyes’ i ner corner, wh  visible, is painted wi h a r d material, the composition 
of which vari s for each i iature. 
Tabl  3. Min at r by Nicholas Hi liar  which have undergone technical and sc entific examina-
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bj c s t at  p i   F  ( . 4- 1 , P.155-1910) d  po t t f unk ow
m n (E.1177-1988) i   hi  icl . I  a e se  y hi ly e a  fully 
mo ll d fles o , a hi v  by plyi g m y l y   p int. T  n lys s we   
 i  c b  b k t ix t  th r  pig t ar ic s, y ally a
i   v r il . Th  s l  i  r a wi the f ndi gs o  a p trait f H n i III, 
c ly di v d n  ss ia  Hi ia ’  o k F c  [20]. In e c  g up 
of obj c s, c rr sp di g o hi  tylistic ng ur g  1580s, fl  ne  pp a  
p l , i h  p  f r  l  th  i n s, al  us  r  
k , no fad , ca n be u e  u . Y ll  p g ,  s l  ti  y llow  g -
h ,  lso i e f , l om ix  i  zurit .  
 r l  d cr b  n 3 a  r  h  l i escribed i  hi  
tr a i e. L a  i a d d l d w  d r ls he comme t u  f
n ti ; i  t  cas  f l  l xi  t  u f   c p e t, so im  
ixe  wi h mall m nt f  (   h t t i  d sh ul  be und s  
s l  i  ye l [21 22]),  , w  f r  y n , s t a d c re  
sh l  e d [15]. Sim l mixt   a s rib  y N r at , a th g  doe  
t m n he u of as icot [1] A i ion lly, c ntific s ev led  pr s c  
f v r il o , hich w iscou ag by Hilli Norg t  in t i r t s  bu  
sist ly emplo d   f es   y d.   
Th  volum  of t m u  w  bui t u  st rt  w h t  sh b w   p  
h  or r (Fi u  1); v li  i  t m i  pi t s  f   lip  u i  th  Fr ch
p r ,  m 1580 , pink a a d l d r  f rr d. Th  i n lin  
b w n u r d l w  i  c i t  of  r  k . Th  ults c fi d w t w s 
t n y Hi li d a  No g t ,   a i l  b  s  f  t  m u h w r  , r d 
l , d  wh  gm [1,15]. V i i n as i if  by c if c aly es s  
add i l igm nt p  
T ey  wer i v tig d in v l re : li s, th  lid fol , an e 
in  cor . T  y l sh y i i   g l y c th  l ck or  dilute  
i me , p b b  f    l y f d. A s , d rk lin  cov-
t e f t ne d  d  f b b k d at l oks k  o g nic br  pig-
m s (F gu e 2 ); n t t  r t ,  s co l n  p r  t b pp d nl  o e 
y l sh  n e y  f ld (Figur  2b). T n xcept  is E.1178-1988,
here t  f st l es  tr c  w t   d at rial. Th p n e f eye ash  is h wn 
o ly o p tra  f n unk o n m (P.8-1945), wh r  dots  p int d n the
lower yel sh line (Figur 2b .
Hil rd wr te that th  o t ines f t faci l fe tur s sho ld be drawn by a fine pencil
(to be under to d s brus ) with a f int r s  colour ade of a lake [15]; this pr bably
or esponds to t b own l ne of or an c origi  een duri g the analyses.  
Th yes’ i ne  corner, wh  vis ble, i  pai ted wi h a red material, the composition 
of which varies for each i iature. 
Tabl  3. Mi ia ur by Ni ol s Hi l ard which h ve undergon  ech ical a d sc entific examina-
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bj ct t a  p i t  i  F ( . 4- , P.155-1910) d p t t f unk own
an (E.1177-1988) i  i  hi  icl . It i  te is b  hi w k d  fully 
o ll d les o , a hi v by plying m y lay s f p in . T  aly  s owe   
i c b  b k t ix a t r  w t  r d pig t ar ic s, y i lly h a
it   v r il . Th   al  i  d c i the f ndi gs on a p rait f H ri III, 
c n y i v d  cia  Hi li ’ w k F c  [20]. In e gr u  
of bj s, c rr spon ing  his tylis i  h g u ing  1580s, e fl s  t nes app a  
l , wi h  f r l   i  s, al  us f re  
l k , n fad , ca n be e  u . Y ll p gm ,  l d in y llow d g -
h , r l  i t f , ldom ix  i  zurit . 
 r l s  d c b  in T l  3 a  o o a e h  Hi lia d e crib d i  hi  
r a i e. L a  i    l d w  nd d t  e ls he c mme t  u f r 
 ca i ; i  t  c s  of  e l xi   u  f   c pone t, some im  
mix  w  smal  m t f a i t  (  t i  i d s ul  b  und rsto d 
l  i  ye l [21,22]),  , w  f  y n , m s i t and c re  
l  d [15]. S m l ixt   al d rib by N r t , a th g  h does 
o  t  e u of as ico [1] Ad lly, c ific l s s v led t  r s nc  
v rmili , ich w i c ag by H llia n  Norg  i h ir r atis  b  
sis ly mpl   fles  o es n y d.  
T  v l m f t m u w s bui u  rt  t o hor b w  li  p n  
t r r (Figu 1); v m l i  th m i  pi t us  r lip  uri g e Fre ch 
p r , h f m 1580 , pin  lak s a d l d  ferr . The i  li  
b w n upp r  l w  i  co i  f  r  k . Th ul s conf m d w t w s 
t y Hi d a d N t   t  mat  o b us  f  t  mou h w r  k , r  
l , a d  wh   [1,15]. V ilion as i i  by scie if c naly es s 
a di l igme  p .  
T ey s wer i v tig d  v l re s: h  l  li , the lid fo , n  the 
n cor . T l   y li l   g n lly c  th  bl k or  dilute  
b  igm ,    p rt lly f d. A s co , ark  lin  cov-
r  t e f r n d s f c b l k d w at l ks k  g nic brown pig-
t (F gu e 2 );  po i s, h  cond  pp r t  b  app d n  on the 
l sh o  n ye i fold (Fig r  2b). The n  xcep  i  E.1178-1988,
w e e h f st lin s r c with a red ter . T p sen e of ey lash  is hown 
o ly n p rt t f unk o  ma (P.8-1945), wh r  d ts  p int d n the
low r eyel sh l (F gur 2 ).
Hil a d wr te that h o tl n s f the faci l featur s should be drawn by a fine pencil 
(to b  unde st d s  b ush) with a faint ros colour ade of a lake [15]; this probably 
corresp ds t  th b own lin s f or a ic origi  seen during the analyses. 
The eyes’ i ner corner, w  v sible, is painted wi h a red material, the composition 
of which varies for each miniature.  
Tabl  3. Min at r by Nicholas Hi l ar  which h ve undergon  tech ical and sc entific examina-
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bj c th   p t  i F  (P.154-19 0, P.155-1910) d  p t f  unknown
an (E. 177-1988) u i i  t i  rti l . I is c te ise by hi l  worked an  f lly 
mo l l o , a v y plying m y lay s f paint. T  nalys  s o   
 i c b b k t ix t  w t  r d pig t artic s, y i lly h a
i   v r il n. Thi  s l  i d n i the findi gs o  a p rai  of H nri II, 
c y i v   s ia   Hillia ’ w k i  F c  [20]. In e  gr up 
of bj c s, c rr spo i g  h  tylis i  h g  u ing  1580s, e fles  t es app a  
p l , wi h pr  f   l  i  s, al  u  f red 
k , n fa , ca b r e  u . Y l w p g , u  s l ad ti y llow d go -
h ,  lso i f e , s l m ix   zu i . 
 r l   c b  in T l  3  o o a h  H lia d scrib d i  hi  
i e. L a  i   l d w  n d th  als h  comme o for 
 n i ; i  t  c s   pl xi   u  f  d c pone t, some im  
mix  w al  m u t f  (    t  d sh uld e und rs o d 
l  ti yell [21,22]),  c , w  f r hy ne, m s icot  and c re  
ul   d [15]. S mil mix  r  s d ib  by N rgat , a thoug  h does 
 h  u  of a ticot [1]  Add lly, c ific na ev ed t  pr nc  
v rmil i h w  i cou by Hilliard n  Norg t   h i  r atis s bu   
s st ly mp  i   f es o e n y ed.   
T v l m  of th m u  s buil up t r   t o s r  b ow  lin  p n  
rs (Fi u  1); v lio is th  m  pi m t s  f r  lip  uring Fre ch 
p rio , f 1580 , pi la  a d  d r  ferr . The ati lin  
w n u r  ip c ist  f  r  k . Th e r ults co firm at w s 
t  y Hi li d a d N a   t  a   b us  f r t  mou w r  k , r  
l , a d  w  gm  [1,15]. V ili n a i e i by cie if c aly es as  
di ion l igme  r t.  
T y s w r  v tig d  v l rea : as lin s, the elid fol ,  the 
 cor . T  l y i l n s  l y c th bl ck or a iluted 
r gm ,    p rt lly f d. A s , rk  lin  cov-
r t e f r  n   s d  f b la k d w at l oks ke o g nic b ow  pig-
n s (F gu e 2 );   r i , h  cond  p t  be appl  n o  the 
l sh li a  t ye id fo d (Fi  2b). T e nly xc p i  is on E.1178-1988,
w er   first l n s tr c d wit  ed terial. T pr s nc  eyela h  is hown 
o ly e p rt t f n unkno (P.8-1945), wh re d ts  p int d n the
lowe  eye sh l (F gur 2b).
Hilli d wrot that t e outlin s of th acial fe tur should be drawn by a fine pencil 
(to b  underst d s b us ) wit a faint r s  c lour made of a lake [15]; this prob bly 
or esp s  the brown l n of organ c o igin see  during the analyses.  
Th y s’ i ne  corner, wh  vis ble, i  pai ted with a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Min at r s by Ni ol s Hi l ar  which have undergone ech ical a d scientific examina-
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bj c t at  p  i F ( . 4- , P.155-1910) d p r i f a  nknown 
m n (E. 177-1988) u i  i  thi  r icl . I   c ra te ise  by hi ly work d an  ully 
o ll le o , a i v by pplying m y l y s f p int. T  analys  s owe  a 
 i  c b b k t x t  w t  r d pig par ic s, y i lly he a
i e  v r il . Thi  s l  i  ac d n w  the f ndi gs on a po rait of H nri III, 
c y cov  ss i t   Hi li ’ w k i  F nc [20]. In  c  gr up 
 bj cts, c rr spo ing  h  tyli tic h ng uring 1580s, e fles  t nes appea  
p l , wi h  f r d l  h in e mp s, al  the us  of re  
k , n f , ca n b ru e  . Y l w p gme , uc  s lead tin y llow nd g -
h , w l  i , l m mix  i zur te. 
 r l s d c b d n T l 3 a  o a e  Hi li d crib d i  hi  
i e. L a  i   le d w n e d th  m e ls h  comme to for 
 c i ; i  th c s     l x  t  u  f  d c mpon t, ome im  
mix  w h l  m nt f m  ( h  at t i  p d s uld be und rs o  
s l  i  e l  [21 22]),  c d, w  f r hy ne, m s icot nd c res 
s l  be d [15]. S il ixtur  als crib by N r t , a thoug doe  
m n  u of mas icot [1]. Ad lly, ci ntific n ys s v led t  p s  
v rmili , h ch w  iscou ag by Hill d n  Norgat  th ir r atis s b  
s l pl d in  f s o e n y e .   
 v lu f th m u  buil up t r  t s rt b ow  lin  p in  
(Fi u 1); v mil o i  th m  pi m t us d f  e ip  duri g th  Fr ch 
p r , m 1580 , pin a s a d r l ad  r ferr . The a tion lin  
n u r l r  c ist  f  r  k . T s  r sults c nfirm d a  was 
n y H li d an  N   t  ma   b use  f   m uth w r  ak , r  
l , a d  w  m [1,15]. V li n as e i i  by scie if c analy es as n 
di io l igm t r .  
T y s we v g d in v l re s: the l s li s, th  d fold, a d  
n  c r . T  l   y i l   g n ally c d ith bl ck or a ilu ed 
w gme ,  f   d rt lly fad d. A s co , d rk r lin  cov-
d t f rst on  d s d  f b l ck and w at l ks ke o ganic brown pig-
t (F gu e 2 );   r r i , th  c nd l  p ar t  be appl ed onl o  the
ey l o  ey lid fold (Figur  2b). T  nly xcep i  i  on E.1178-1988, 
 fi t l s r tr c w t  d ater a . Th pr sence of ey la h is how
ly   port t f unk o woma (P.8-1945), wh re d ts  paint d n the
lower eyel sh l e (F gur  2b).
Hil d wr t that th  o lines f th aci l fe tur s hou d be drawn by a fine pencil 
(to b under t d a  brus ) with a f int ros  colour made of a lake [15]; this probably 
or esp nds to b own lin  of or anic origi  see during the analyses.  
The y s’ i ne  corn r, when visible, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Mi iat r by Nichol s Hi l ar  which h ve undergon  tech ical and sc entific examina-
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bj c t at h  p t  i Fr ( 4- , P.155-1910) d  p rtr t f  nknown 
 (E. 177-1988) i  i  this r icl . It c r te ise by hi ly worked an  f lly 
m l l s o , a i v  y pplyin  y lay s f p in . T  analyse  sho ed a 
 i  d c rb b ck at ix tt  w  r d pig t partic es, ty ically he a
i   v r l . Th s is l i  a rd n w the f ndi gs o  a po rait of H nri III, 
c ly ov  s iat   Hi a d’ wo k in F nc [20]. In th  co  group 
 bj ct , c rr spo i g o h  tylis i  h g u i g  1580s, t fles  t es appea  
p l , wi h   f d l  a i omp ts, alt oug  he us  of red 
k ,  f , ca n  b r  . Y ll w p gm , suc  as lead ti  y ll w nd g -
hi ,  i e , s l m m x  i zur te. 
 r l s e c b n T l 3  o h  H li d scribed i hi  
ati e. L a  i a   l d w n e d t  als  r comm t  u for 
 i ; i t  c s  of  xio   u  f e d co pon t, some im  
x  w h l  m t f m  (  ha  t t i  p d sh uld e u d rstood 
l i  y l  [21 22]), s d c d, w  f r  thy ne, m s icot nd c res 
l  b  d d [15]. S mil mix  ls  c ib  by N r at , a thoug  e doe  
  u f mas icot  [1]. Ad ion lly, sc tific na y  ev led t  presenc  
o v rmil , ich w i co a  by Hilli r n Norgat   h ir r atis  bu  
s s ly e p  in  f s o e na y ed.   
 v l m  of h m u h as buil up st r g  two sh rt b ow  li e  p in d 
th s (F u  1); v milio s h  m  pi m t s d f  e ip  during th French 
p ,  m 1580s, p n a s a   l d  referr . Th  s aration lin  
b w n r i  c ist  f  r  ak . T e r sults c nfi at w s 
by Hi i d a  N ,  t  mat   b  use  f r mouth re ake, r d 
l , a d  w  gm [1,15]. V mili n s i e i  y cie tif c analys s as an 
d o l igm t s .  
T yes w  v tig d  v l rea : as in s, the y li fo d, and  
r . T l  d y i l s w  g al y t c d with bl ck or a iluted 
w gm , b bly  d part lly fad . A s n , dark r l e c v-
r t e f r t on nd s d f rb b ck nd w t l ks ike orga ic rown pig-
m  (F gu 2 );  t  r i , th  cond  p r t be ppl d onl  on the
y l s i    the yelid fold (F ur  2b). T e n  excep i  is on E.1178-1988, 
re h fi st l es r trac w t  d terial. T pr s nce f eyela h  s shown 
o ly o p rt t f unk o woman (P.8-1945), where d ts re painted n the
lo  eyel sh l (F gur  2b).
H lli rd wr te that the outlines of t ac al featur s should b drawn by a fine pencil 
( o b understo d s b us ) with a f int r s lour ade of a lak  [15]; thi  probably 
or sponds t  t  brow l ne of orga c origi  ee  during t e analyses.  
Th yes’ i ne  corn r, wh  vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Mi ur by Ni ol s Hill ard which have undergone ech ical a d sc entific examina-
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bj c t a h  p t  n Fr ce ( . 4- , P. 5-1910) d  p rtr it f a  u known
a (E. 177-1988) i  in his rticl . It c r t rise  by ig ly w k d and ully 
mo ll  s , a i v by pply  m y lay s f p int. T e nalyse  showed a 
 i c rb b k t ix t r d r d pig t partic es, typically he a
i   v r l . Th  s al  in a d wi  the f nd gs o  a po trait of H n i III, 
ec y i v   s t   Hillia d’ wo k in Fr nc [20]. In the co  group 
f obj cts, c r spon i g o h  tylis i  h g  u ing  1580s t fles  tone appea  
p l , wi h  r  f l  a  e i  omp n t , alt o g  the us  of re  
l k , n f , ca n  b r d u . Y low p gme , suc  as le d tin yellow and go -
h ,  l  i tif , l m ix d zurit .  
 r l s  e c b   T l 3 d or o a h  H li d scribed i hi  
i e. L  i a   le d w de  ials h  co me d to  for 
 io ; i   c  of a e m lexi  t  u f e d co o t, some ime  
mix  w  s al  m t f m i o  ( hat at t i  per  s ld be u erstoo  
 l i y l [21 22]),  c d, w  f r s thy ne, mas icot and ochr  
l b  d d [15]. S il r mix ur   ls  ib d by N r at , althoug  h  does 
 u f mas c t [1] Ad i ion lly, c if c ana ys s v l d th  pr senc
 v mil , i h w i co ag  by Hilli nd Norgat  their tre tise  bu  
si l  p n  f s one na ysed.  
T v lu  of th m u  w s buil up st rt g i h tw s t b own li e  painted
or r (F u  1); v milio is th m i  pigm t s d f  t e ips d ring th  French
p r , h m 1580 , pink a s a  l d r  fe r . Th  sepa tion lin  
 u p r  w r li  co ist d of  r  a . T e  r sults co fi m d hat was 
t  Hi li d an  N ,  t  m t l   b use  f  t m uth w re ak , red 
l , d  whi  gm [1,15]. V m li n as i f  by cie tific analyses as an 
di io l m t res . 
T y s wer v iga d in v l re : ash lin s, the i f ld, and he 
r . Th l  d y l s w e g n al y t c d wi h bl ck or a ilu ed 
 igm t,  f    part lly d . A s nd, darke  line cov
r d t e f rst d s d f c rb k and w at l oks k  org ic rown pig-
 (F gu 2 );  p r r it , t  con l p ars  be applied only on the
l n t t eye id fold (F gur  2b). T e  excepti  i  on E.1178-1988,
ere h  f st l s  trac w th  d ate ial. Th pr sence f ey la hes is show
ly  h p rt t f unk ow woman (P.8-1945), where d ts re painted n the
lower yel sh l e (F gur 2b).
Hil ia d wr te th t th  o tlines f the aci l feat s should be drawn by a fine pencil
( underst d s b us ) with a f int r s  colour ade of a lake [15]; this probably 
cor esp ds to t b wn l n s of or an c origi  s e  during the analyses.  
Th eyes’ i ner corner, when vis ble, is painted wi h a red material, the composition 
of hich vari s for each miniature.  
Tabl  3. Mi i re by Ni ol s Hi l ar  which h ve un ergon  ech ical a d sc entific examina-
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objects that  p i t d i  Fr nc P. 54-1910, P. 55-1910)   portr t f u k w
man (E.1177-1988) s udi d n this r i l . I  is t is  y ig ly w rk  a  f l y 
mode led flesh es, chi ved y a plyi g ma y l y rs f pai . Th  an ly  ho  
lead w i  a d b black atr x c tt red wit   p gm  pa t c s, ty i ly -
tite and v r ilion. This is also i  nc  w th th f ngs a p it f H  III,
recently discov r d nd associa  o Hil ar ’s ork i  F ce [20]. I  e ec up 
of obj cts, corr spondi g t  his tyl ti  h g  ri g the 1580s, h f  t  pp a  
pale, wi h a pr fer nce f r re  l   th m i  r p nt , lt g  us    
lakes, now faded, cannot b e out. Ye  pigm t ,   l  ti  y l g -
thite, w re also identified, l o  m x d wi h z ri e. 
 r lts r  d sc b in l  3 n  rob te  Hill  c ib i hi  
tr atise. L ad whit  and d l d w e i e  he ri ls  c mm nd  t us  f r
the car ation; n th  c s of  p le co pl x  th  u  f h  r com e , o t  
mixed with a small am unt of ti t  (  t  th at t i i d sh  u s
as lead tin y llow [21,22]), w e c , er a  f r sw r y o , sticot  res 
should be d ed [15]. Sim la  m xture  r  ls  es ibe by N rgat , alt ugh  does
not me ion th  us  of masticote [1]. A itio lly, c f  a aly s v  th  nc  
of vermilion, hi h wa  disc ur  b  Hilli rd d Nor i  th ir r is  ut w s 
co siste tly mplo d  t  fles  to s n y d.  
T  volum of th  m uth wa  built u  st r  h t  t  li es p t
at the co ers (Figure 1); vermili n i  th  n pig  used f   li  du i g th  r ch 
period, wh as f m  1580s, p k l k   r d d r r f r . T  p r i  li
betw n upper d l w r lip c ist  of  k . Th s ul o fi w t w
ritt n b  Hillia d a d N g t , a   m i l  t be us  f h  ut  l ,  
lead,   wh  igme t [1,15]. V rmilion as id t f d by sci ntific aly s s  
additional pigment pre nt.  
The ye  wer  i v tig d i v al ar s: i s, fo d, e 
inner . T  yel h a  ey lid i s r  e e ly t ac  wit  l ck   il
brown pigm nt, pr babl  of o ga ic gi  d rt lly f . A c d, k  c v-
ered t e fir t o e a d was m d  f ca b n bl c d w t ook l k  g ic br  pig-
ments (Figu e 2 ); n t  l t  p rt aits, t  s c lin  pp ar p l t e
eyelash lin  and n t on the y lid f ld (Fi ure 2 ). The nl xcept o i n E.1178-1988, 
where the first lines a e trac d wit  a red mat ial. Th pr senc f eyel s s is sh
only on the portrait of an unknown w a  (P.8-1945), w re d ts ar pain ed o  the
lower eyelash line (Figur 2b). 
Hilliard wrote that t e ou lin s f t e fac al fe tu es ho d drawn by a fine pen l
(to be understood as a brus ) with a fain  ros  colour made of a l k  [15]; thi  pr bably
corresponds to th brown lines of g ic origin n duri g t  analyses.  
The eyes’ i ner corn r, whe  visible, is painted with  r d mater al, t e compo iti n 
of which varies for each miniature.  
Table 3. Miniatur s b  Nicholas Hilliard w ich hav  undergone technic  a d scie tific examina-
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bjec s that p t d  Fr nc P. 54-1910, P.155-19 0)  po t t f  u k n
an (E.1177-1988) s udi  in this r i l . I is t is  b  ig y w rk  u y
mo e led flesh t e , chi ve  by a plyi g ma y l y s f p i . Th  n ly  h w   
lead w it  d c rb bl ck atrix catt red t r p gm t pa t c , ty i ally h -
tite and v rmilion. Thi  is al  i  nc  w th the fin gs a p it f H r  III,
rec ntly discov red d ssoc  Hi r ’s w k i F nc  [20]. I c roup
of obj cts, cor po di g t his tyl ti  c g  ri g the 1580s, h fl t pp a
pal , wi h a pr er nc  f r red l  a h in r p nt , lt g  us    
lak s, now fad , ca not b u e out. Ye pigm t ,  l ti y g -
t it , w re als  i ntified, l om m x d with z r te.  
 r l s r d sc b in l 3 d rob te Hill  c ib i hi
r atise. Lead whit an   l d w e i d e ls  c m d  t s f r
the ca ion; n th  c s f a p le co pl x  th  u f h  r co , o ti e
mixed with a s all amo nt of t t  (a t  h  a t  i d s d b u s
s le ti  y llow [21,22]), w  d c , er a  f  sw r y , sticot  r
shoul  b  d d [15]. Si l  m xtur  r al  scribe by N rg t , al h ugh h  does
no  m ti n h  u of mast cote [1]. Ad tio lly, sc tif  an l s v  th  r n
of vermilion, hi h wa  disc ur g  b  H ll r  nd Nor t  th ir tis  w s 
sist tly pl d  t flesh to s an y d.  
T  volu  f t  m uth wa  buil  u  st r  i h t t w  li e p i te
at th  co r (Figur  1); v rmili i  th  i ig  us f   i du i g th  nch
p riod, wh as fr m  1580s, p k lak a  r d d f r . T  i  li
et n upper a d l w r li  c i t  f   k . Th ul onf t w
ritt n b  Hilli d a d N g t ,   m i l   b  us  f  h ut  l ,
l a ,   whi   [1,15]. V rmilion was id ntifi  by sci ntific analy s s  
additional pigm t pr se t.  
The ye  wer  inv tig ed i v l ar : i s, l f , e
in er . Th  yel h and ey lid li s w r  e e ly t c  it  l k   il
b own pigm nt, probabl f d p rt lly f d . A c , k  c v
er d t e fi t one and s m d  f ca b  bl k d w t ook k g ic b  ig-
m nt  (F gu e 2a); n t e l t p rt it , t sec li pp p i ly n th
eyela h lin  and t on t  eyelid fold (Figur  2 ). The on y xc pt o i E.1178-1988,
w re th first li s r  rac d wit  a r d mat . Th pr se c f ey la s i ho
nly on the portrait of a unkn w a  P.8-1945), w er  dot ar p int d o the
lower eyelash l ne (Figure 2b). 
Hilliard wrote th t he outlin s f t ac al feat es sh ld b awn by a fine pencil
(to b  understood as a brus ) with a fain  ros  colour m d of a l k [15]; thi  p bably 
corresponds to t br wn lines of orga c origi  en duri g t e analy s. 
The eyes’ i ner corn r, w  v sible, is painted with r d mater al, t e compo ition 
of which vari s for each miniature.  
Tabl  3. Miniatur s by Nicholas Hi liard which have un ergone technic  a d scie tific ex min -
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objec s th t e p t d  Fr nc . 4- , P. 55-1910)  o tr it  k n
an (E.1177-1988) studi in t is rti le. It teris  i  w rk  f lly
m e l d fl sh es, c ve  y plyi  y l y s f p i . Th  n y  ho  
lead whi  d c b n bl ck at ix att r d t ed p gm t pa t cl , t pi ly -
tite a d e ilion. Thi  s al o i  nc  t the fi gs a p i f H r II,
r c ntly disc v red nd a ocia   Hi li r ’s w k i  F nc  [20]. In  c r u
f obj cts, cor spo di g his tyl ti  ng ri 1580 , f t  pp
pal , wi h a p r c  f r re  l d h i  r  p nt , l g e u  f r  
l k s, no fad , ca n t b e out. Y l pig ,  l ti y l g -
t it , w r  ls  ident fied, l om mix d  z ite.  
 r l s a d c ibed i T l 3 n  r b Hill  d ib i  hi  
r tise. L ad w it  a d r d l d w d ls  c m d  s f r
the ca ion; i  th  c s  a p l  co pl xi t  u f h   co t, ti
mixed with a s all am nt f ti t  ( t  th  a t i d  s
s l ti  y ll  [21,22]), w s c , r a  f   swar y , asticot r
shoul  b d d [15]. Si l  mix ur  sc ib  by N t , al h ugh h  do s
no  m i n  u of mast cote [1]. A d io ally, sci ifi a s v a  t  r n
of vermi n i h wa  discou  by Hilli r nd Nor t   i  tis b  w s 
sist tly pl d  t  fl sh to n y .  
T  volum  f the m u h w  buil  u st r  i h t t w  li s p t
at th  c r s (Figur  1); v r ili i  th ai  pig t us f  t i uri g th  r ch
p iod, wh as f  1580s, pi k l k s a  r d d  f . T  p r i n li
betw en u p  l w r li  co sist  f   l k . Th s  ul  nf t w
ritt n b  Hillia d a d N g t , t t i l b  u  f ut  l , r
l a , a d  whi  p m  [1,15]. V rm li s i t f  y sci ntific a aly s s  
additional pigm nt pr t.  
Th  ye  wer  inv tiga d in ev r l a s: th  yel li , f ,  he
i er . T  el h ey lid s  e ly t c  wit  l ck   il t
b w  pigm nt, p b bl f  p rt ly f d . A c , k  li c v
r d t fir t one nd as m d  f ca b  bl k t ooks k g ic b w  ig-
m nt (F gu e 2 ); n t a  p rt it ,  s c lin pp pp i l  th
eyelash ine and t o t eyelid fo d (Fi u 2b). T o ly xc pt o i  E.1178-1988,
w r the first ines r  trac with  red mater . T  pr s ce ey la s s h
only on the portrait f a  unknown w a  (P.8-1945), w re dots ar p int d on the
lowe  eyelash l n  (F gure 2b). 
Hilliard wr te th t he outlin s of the cial feat es sh uld raw b a fine pencil
(t  b  understo d as a b us ) wit  a fain ros c lour mad of a l ke [15]; this pr b bly 
corresponds to th b n lin  of orga ic o igi  s en during th analy es.
Th eyes’ i ner corner, w  v sible, is painted wi h r d mater al, t e compo ition 
of which vari s for each miniature.  
Tabl  3. Miniatur by Nicholas Hi liard which hav  n ergone technic  a d sc e tific examin -
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bject that  p i t d i  Fr nc . 4- , P. 55-19 0)  p t t f u k w
man (E.1177-1988) s u i in is tic . I  t is  y i w rk  l y 
m de l d flesh s, c ved y lyi  y l y f p i . The a aly s sho  
l whi  d b  bl ck atr x sc tte d t d p gm  a t c , ty ly -
tite  v r ilio . Thi  also i  a nc w t  the fi gs a p it f H i II, 
r c tly d s ov r  a d a i  t Hi r ’s rk i F c [20]. I   s c r up 
f bj cts, cor spondi g  his styl ti g ri g 1580s, f t pp a  
p l , wi h a p r nc  f r ed l   h i r mp t , l g  u r  
l k , o fa , a n t b e  ou . Y pig , uch l  ti y l w g -
t i e, w re s  i e t fied, ldom m x   z te. 
 l s  c ibe i  l 3 a    H ll  c b  in hi  
r ise. L d whit  d d w d   t ls  c m d  t s f r 
e a ion; th  c s f p l  c p xi t  u f h  co t, o ti  
xe wit  sm ll m nt f m ti  (  t  t  a t i p i  s
s le  ti y l  [21,22]), w s r uc d, a  sw r y , sticot  res 
houl be d d [15]. S mila  m x res  s sc ib by N r t , ltho g  h  oes
 m ion the u of masticote [1]. A itio lly, c fi  y s v  th  s nc  
f vermi on, i h w  i c u a  b  Hill nd Nor t i ir tis  w s 
o sist tly mplo d i  t  fl o s n .  
T  volu f the m u h wa  built up t  h t  t ow  li es p t  
t the c (Figur  1); vermili i th  ig  s f  i  i g h  Fr h 
iod, whe  f m 1580 , p k  a d l d  r f . T  ep ti n li
en u pe   l w  li  co ist  f l k . T r ul  f w w  
r tt b  Hillia d d N g t , s  l t  u d f ut r  l , r  
l ad,  wh  m t [1,15]. V milio as id f d y ci ntific analy s s  
add tional pigm t pr t.  
The ey  er inv tig d i v al r :  i s, f d, nd e 
i e  . T  y la h ey li  s  y t c wit  l k  il d
br w  pigm nt, p bably f ga c gi  d p rt lly f d . A d, k r l c v-
r t e fi t o  nd w  m d  f ca b  b ck t oks l k  o g ic b n ig-
m n s (Figu  2 ); on t e r p t i s, t  s lin  ap pl d nl on th
yela h n  an n t o t yel d f ld (Fi ur 2 . T l x pt o i n E.1178-1988,
wh re th irst l  ar tr c w t a d ma ia . Th pr c f e a h s s h
nly on the portrait f an unknown woma  (P.8-1945), w re dots a p int d on the 
lo r y l sh line (Figure 2b).
H l ard r te that th  o lin s f t  fac l fe tu s h u d raw  y a fine pencil
(to be under t od s  brus ) with a fain  r s c lour made of  l ke [15]; thi  p b bly
cor esponds to th b own l n of or a c o igi  en du ing analy s.  
Th eyes’ ner corn r, whe  vis ble, is painted wi h r d mater al, the composition 
of which varies for each miniature.  
Table 3. Mini tur b  Ni ol s Hilliard w ich h v undergon  ech ic l a d sc entific ex min -
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ject  t t e p t  Fr c . 4- , P. 5-19 0)  po t f k w
 (E.1177-1988) stu i in s rti l . I  te is y i l  w k  ully
o l  fl s s, c v by plyi  y l  f p i t. Th  n y  showe  
d wh d c b n black t x t r t p gm t part c , typ ly -
ite nd ilion. Thi  al i nc w t th fi gs a rait f H i II,
c t y dis ov d  i o Hil r ’s k i  F n [20]. I  s c r up
f bj ts, c r sp di g his t l i  g ri g 1580s, t f  pp a
p l , wi h a p r nce f r ed h i r p t , l g  he u   
k s, f , cann t b e out. Y p g ,   l  ti y ll w n  g -
, w r lso i t f e , l m m x  z rit .  
 l s d c ib i l 3  rr b H l ia  c i  in h
r tise. L d whit   r d l w i l co d  t s for
the ca io ; th c s f a p le co pl xi  u f  c p t, ti e
mix  with small o nt f ti t  ( t  th  a t i i  sh l be r
l ti  y l  [21,22]), c d, f w r y , sticot  r
oul b d  [15]. Sim  m xtu  al c ib by N r a , lthough h  do s
o  m i n e u f ast cote [1]. A tio ally, c ifi  a s v   r nc
v mi ion, hi h w  i cou  b  Hill n  Nor t i ir tis  u  w s 
sis tl pl i  t fl  .
T  vol of t  m u h w  built u  st  t h t b ow  li s p t d
t c (Figu  1); v rmili i  t  i us f  t li  i  th  Fr ch
p iod, wh f m 1580s, p k ak a d r  f r . T p i n li
t n u pe  l w  i  c ist  f  k . Th s sult fi d w w
ri t b H llia d d N g t , i l  t b u f ut  r l , r
l a ,  whi  igm  [1,15]. V rm lio s i f   cientific a ly es s 
a ition l pi m t pr nt. 
T y er  nv tig d  ev l r s: i s, i f , n e
i er . Th  l h  li  s  ly c  wit l ck   il  
b w  pigm nt, p bl i  p t ly f . A c , k  l v
r d fi t o   as m d  f c b k t ok k o g ic b p g-
m n (F gu e 2 ); n e rt its, t  s c i  p  b a p l n the
yel  and t o th eyelid f ld (Fi 2 ). T ly xc t o i E.1178-1988,
wh th first li re t c  wi   m t al. T pr s c f e lash s s h
ly n the p rtr it f a  unkn wn w a  (P.8-1945), w re d ts ar  p int d on the 
lowe  eyela  l ne (Fig re 2b). 
Hil rd w te th t th tlin s f t e f c l f t sho l  dra n by a fine p nci
(t be underst d a  a b ush) with  f in ros  c lour mad of a l k  [15]; thi  p b bly 
cor esp nds th b lin  of or a ic o ig  en dur g t  analys s.  
Th eyes’ i ner corn r, wh  visible, is painted wi h  red material, the composition 
of which varies for each miniature.  
T bl  3. Min at r by Nicholas Hi liar  which h v n ergon  tech ic l and sc entific ex mina-
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ject that  p t d i  Fr 4- , P. 5-1910)  po tr t f  nk w
n (E.1177-1988) u i i  r i . It  a t is b  ig l k   f lly 
mo fl s  s, c v  lyi g y l y  f p t. Th  y  sh e   
 hi d b  bl ck t x t r t   p gm t rticl s, ty ally -
ite  l n. T i  s l i w t th  fi gs a p rait f H i II, 
c t y i ov red n  iat Hi ’s k i F  [20]. I s c roup
f bj ct , r sp di g his t l ti ng u i g 1580 , f s  t s pp  
p l ,  a p f c  f r d l  h  i  r p ts, l h g  h u  f  
lak s, f , ca n t b u e u . Y pig t , s  l ti y l w n  g -
, r ls  t fied, l m x  it  z r te. 
 l s  c b i T  3  rr o  Hilli  c i in hi  
r ti e. L whit d w i d  t  ri l h  r co m d  t us  for 
he ca tio ; th c a l  pl xi t  u f h  co p e t, eti e  
ix w th small n f ti t  ( t  t a t i  i  s ld  rs
 l  ti y l [21 22]), c , f w r y , astic t  res 
h ul b d d [15]. S m l  m xtu s d ib  by N r t , lthough h  does
t m t  us f mas i ote [1]. A tio lly, c ifi s v   pr nc
f v mili , i h w  i  by Hilli  Nor t  i th ir atis   w s 
c si t tl mplo d i  t  fl o .  
T  volum f t  m u a  built u t t  i h t  sho t brow  li s p t d
t  c  (Figur  1); v rmili  i  h  pig u f   u i  th  F c  
rio , wh a m 1580s, p a r d d e r f r . Th  e i n l
b n upp  n l w  li  c i t f  k . T s sult fi  w t w
t  b Hillia d d N g t , t t l t b u  f  t ut r , r  
l d, wh  m t [1,15]. V rm lio as d ifie  by scientific aly es s  
dit on l pi m nt p t
T e y er inv tig d i v al s: i , the lid f , n the 
i r . T  ela ey li i s  lly t c  wit  bl ck o   il  
br igm n , p b bl  of g gi  p rt ly f d . A c , rk r l  v-
r d t fi t  nd w  m d  f b k at l k k  g ic b w  p g-
m n s (Figu 2 ); n t t t , t s l  p a   p  ly n t e
ye sh  and t o t el d f ld (Fi u 2 ) T l  xc pt o  is on E.1178-1988, 
whe t i t li e  ar tr c t  r d at a . T ence f ey lashes is show  
o ly n the portr it f n unk own w a  (P.8-1945), where dots are painted on the 
lo e  y l sh lin (Figur 2b).
Hil rd r te that h  in s f t  fac l fe tu es sho ld rawn y a fine pencil
(t  be und r t d a  a brush) wit  a f in ros lour made of a l k  [15]; th  pr b bly 
or sp n s to th b o n lin  of or a ic ig  en du i g analys s.
Th yes’ ne  corn r, w  v sible, is pai ted wi h red material, the composition 
of which varies for each miniature.  
Table 3. Mi i r by Nichol s Hi l ar  which h v ndergon  tech ic l and sc entific examina-
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je t t  p t d  Fr c P. 4-19 0, P.155-1910)  po tr i f u k w
n (E.1177-1988) u i in t is rti . It is c a t i b  hig l  k  lly
mo l d fl s s, c v  y ly g any l y f p i t. T  aly  sh e   
w t  d c b  bl ck t x tt r t pigm p rticl s, ty lly h -
tite n  v l on. T  is l i nc wi t fi gs a p trait f H i II,
c t y i ov d  at  Hi ’ k i F nc [20]. I  s c ro p
f bj ct , r sp di g t his t l i g uri g 1580s, th fl s  t pp
l , w h a pr e c  f r d l  h in  mp t , t g the u  o r  
l k s w f , c o  b r e ou . Y l ow p g t ,  l ti y low  g -
i , w r ls  ide tif d, l m x it  z r t .  
 l s  c be  in T l 3  rr t l ia  c ib  i hi  
r tis . L whit    a w d ri l  r co m nd  t s  for
e a ion; i th c f l  pl xi  u f h  co p ne t, o ti
ix  small t f ti  (a t  t  a t i  s l   u rs
 l i l [21 22]),  c ,  f sw r y e, astico  o r
h u  b  d  [15]. S l  mixtu  ibe by N rg t , lthough h  does
t m n h  us of mas co e [1]. A i io lly, ci t fi  s r v  the p nc
f v mil o , i h w  i r  b  Hill r  n  Nor t   th ir atis   w s 
o s st ly pl  i t  fl h o .  
T vol f t m u h a  b il  u t  t h t b ow  i es p i ted
t th c r (F gu  1); v rmili i  h  m  pi m  f   i  u i g th Fr c
i ,  m 1580s, pi k s a d d  f r . T  p i n li
pp  l w  li  c n ist  k . T s sult co fi t w
t  b Hilli d d N g , t  at l t b  u f r th ut r l , r
l , d wh  m [1,15]. V rm li s i ifie  by c en ific ly es s  
d ition  pi m t p t
T  y er i v tig d  v l r : li s, th lid f , he
i r . T ey l h li s  l y c wit  bl ck o   il  
br w igm , p bl  i  p t l y f d d. A , rk  li cov
er e fi st d  f b b k at l ok  k g nic b ow  p g-
m n (F gu 2 ); n t t it , i  p  t e pp nly o
y a h l an t  yel  f ld (Fi ur 2 ) T  nl xc pt i n E.1178-1988,
w r  i trac d w t  a d t . T n  f ey la hes is show
nly o th p rtr it of  unk own w a  (P.8-1945), w r  dots are pain ed n he
l r y l h l ne (Figur 2 ).
Hilli rd rot that he l s f t  ci l fe t e h d be d awn y a fine p ncil
(t  und t d s b us ) wit  a f in  r s c lour mad of a l ke [15]; this prob bly 
or espon s t  th br w l n f orga ic ig  en du i g analyses. 
Th yes’ ne  corn r, w  v s ble, is pai ted with red material, the composition 
of hich vari s for each miniature.  
T b  3. Mi r s b  Ni ol s Hi l ard w ich have un ergone ech ic l a d scientific examina-
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je t p i t d  F c  ( . 4- , P. 5-1910)  po t t f n unkn wn
n (E.1177-1988) i t is r i . It c te i b  i l k an  lly
o l d fl s t , c v  lyi  ny l f p i t. T  analy  sho ed  
w d c rb  bl ck t x tt r t r p gm p rticl s, ty i lly h a-
ite  v l n. T s l  i r n  fi s  a p trait f H i II,
c tly di ov d  at o Hi d’ w k i F nc [20]. I e group
f bj ct r s o d g his t li g i 1580s, fles  t  pp ar
pal , wi  a p c  f r l a h  in o p nts, lt g  h u  f r  
k s f , c b e . Y llow p g ,  l d ti y ll w nd g -
, w l  i ent f , l m x d t z it .  
l c b i T l 3  rro r  t l ia  d c ib  i his
r is . L w i w r d t ri l  r co m d  t  s  f r
 a io ; i t c s f p l  c pl xi n h u f h  co po e t, o ti
ix ma l n  f ti  (  t  a at t i i  s uld  u s o
 l i  ll  [21,22]),  d c , w f sw y , masticot nd r
h u d b  d [15]. Sim la  m xtu a s ib by N r t , although he does
m n h  us of ma t t [1]. A tio lly, sc fic v l  th  p c
of v mil , i h w  i by Hill r  n Nor t  i  h i  atis  b  w s 
o t ly pl i  t fl s to ly .  
T  vol f t m u h a  bui  u t g  t  sho t b ow  li s pa t d
t th c (F  1); v r li i  th  m i  pi m t s f  i  u i g Fr nch
p i , h f m 1580 , p a  d ad  f rr d. Th epa a ion li
n upp l  l  co i t f l k . Th s sul  co fi w a  w
ri t b H llia d a d N g t , t  at i l t b d f r m ut r  l k , r  
l a , wh  me  [1,15]. V r lion s i e tifie y c if c a aly s s n
ition l pi m t r t.
T  y  wer i v t g d  v l re :  as  i , the li  f d, n h
i n . T l h li l s w  l y c wit  bl ck or  ilu  
b w igm n , p abl i d p t l y f d d. A s nd, rke  l c v
r e fir o f b b k d at l oks ik rg ic b ow  pig-
m n  (F gu e 2 );  , th c n in pp  b p i  on o  th
el  li  an t o t e lid fold (Fi ure 2b). T  l xc p o  i  on E.1178-1988,
t rs l s trac w t  a d te ia . T  pr nc  f y lashes s how
nly th p rtr t f  u k wn w a (P.8-1945), wh re dots a  paint d on the 
lo er ye h li e (Fig 2b).
Hil i d wr t th t t e in of f c al f t h u d b drawn y a fine pencil
(to be under to d   b us ) with f t r s  c lour made of a lak  [15]; th  prob bly 
or espo s t br w l n of orga c o ig  en du ing analyses. 
Th y s’ ne  corn r, w  v s ble, i  pai ted wi h a red material, the composition 
of which varies for each i iature. 
T bl  3. Min tur b  Ni ol s Hill ard w ich have un ergone echnical a d sc entific examina-
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objects that e p t  n Fr nc  (P. 54-1910, P. 55-1910)  p it of  k
n (E.1177-1988) studi d i  this ti . It is h t ris  b i l w k  fully
o ell  flesh tone , c ev by pplying y l y f i t. The o
l a  hi  d carbo  bl ck m r x s t r d pigm p t c , t pi ly m -
tite an  e milio . Th  l  i anc  it t e f gs   t f H  III
ec ntly disc ver d and s c a t  H lliar ’ w k i  F [20]. I t  gr u
f obj ct , c r p ndi g o his t li ti n u i g th 1580 , f s t pp
pal , ith a pr r c  f  r  l  as th  in r  t , alth g  t u  f  
lak s, now fad , annot b  rule t. Yell w pigment , uc l ti y ll  g -
i e, w re lso id ntifi d, l om ix it z ite.  
The r s lt  c ibed i  T bl  3 and b at w t l i r i i  i
r tis . Le hit  and e a  i d h m t ls c m nd  to f
t e car io ; i t  c f p l co pl xi n t u f  c , ti
mixed ith a sm ll am unt of st te (  t  t a t is i h ul b u
s le tin y ll w [21,22]), s red ce , wh r  or w y , asticote n
sho ld b ad ed [15]. Similar m xtur s r s  crib d by N g t , tho  
t m ti  t  us  f mas cot  [1]. A tion ly, ci f c a s v l d  nc
of vermilio , whi h as i c u g  by H lli   N g t i  th i  bu s
si t ntly pl d in t  f s to e ly d.  
T  volu of th  m ut s built up t r i  ith tw  t br  li  i t
at h  c r s (Figur  1); v rmili   t   pi m s f  l s d F c
riod, wh re s fr m h  1580s, pi k s  d l d  f .  r ti l
b tw  upp  a  l r lip c sist d f k . T  sult  f  w  w s
wr tt n by Hillia d a d N g e,  h t als  b  u d fo   m ut l ,
l a , a d  w  pigm [1,15]. V mi i  was i f  b  ci tif c ly s n
additional pigm nt pr t.  
The ey  w re i vesti at d i  v al s: t e li e , t i f , he
in  cor . Th  l  d y lid li s lly c it   l ck ilut  
b w  p m , p bably f rg i igi a i y f d . A s , arke li v
r  t fi s  o  nd w  m de f carb  b k d h t lo ks ik  o g ic r w  pig-
m t (F gur  2 );  th a r po tr i s, t e s c  l  p  app d  n th
eyelash li a  o t e ye d fold (F gu 2b . T e l  x p i  is  E.1 78-1988,
w r the i st li es a tr ced it   r d material. Th  p n e f a  sh
only on th  po trai  f an unkno n wom n (P.8-1945), wh re do s r  painte  n the
lo e yel sh line (Figur 2b .
Hilliard wrote th t he u lin f facial fe t es h e r w y a fine p cil
(t be under tood a  a brus ) with a fai t rose col ur mad of  lak  [15]; th s pr bably
corresponds to the b n lines of g ic orig  s n du g analys s.
Th eyes’ ner corn r, w en v sible, is painted with a red material, the composition 
of which varies for each mi iature.  
Table 3. Miniatur s b  Nicholas Hilliard w ich hav  n ergone technical and scientific examina-
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obj c that e p t  i  Fr c P. 54-1910, P.155-19 0)   po t of k n 
m n (E.1177-1988) studi i  t is i e. It i  h t ris  by i k d  fully 
ode l  l sh t e , c v by lyi g y lay f i . The ys  h w a 
a  hit  n  c b n bl ck trix s att e  w t  p gm t p t c , t p ally m
ite an  mili . Th  l  in cc c  t t e f  r  f H ri II
r c n ly d sc ver d  ia d t H l ar ’ w rk i  F  [20]. I t  r u  
f bje ts, c r p nd g to h s st li ti u i g t 1580s, fles t s pp  
pal , wit  a pr f r r l d s h in  , th g  h us  o  
lak s, ow f , a ot b  rule  o t. Y l w pig s, uch l  ti y ll n g -
it , were lso id nti i , s l o t z t
T lt   sc be in T bl 3 an  b at wh t H lli r c i i
r i . Le hit  nd e a d  th  t ls  c m n  t f r 
t e carn ti ;  c f a p l c plexi  f t  c t, ti
mixe ith  s l a ount f m c t  (  t r  t i s l  b  u o  
s l  tin y ll w [21,22]), w  r duced, o   w r y , t n  re  
houl  b ad ed [15]. S l r m xtur s r  s rib by N rg t  l ho e o
 m tion t  us  of masticot  [1]. Ad ionally, ci tifi  a s v d t  nc  
f vermilio , whi h a  i c u g  by Hilli  N g t i i bu   
o si t ntly e pl d  t  fl sh to ly d.  
 volu of t  m ut s b il  up t r  ith t o t br  i  i t
t t  s (Figur  1); v rmilio i  th  ai  i m   li  F c
r od, wh re s fr m th 1580s, p k l d  r f . s r ti li
b tw  u p   l r lip c s st d f . T s ult  fi t w
wr t n b  Hilli d a d N g te, h  t ls b  u  f e uth r ,  
l ad, n  w it  p gm t [1,15]. V milio was i fi d b  c tif c a ly s n 
addi iona  pigm t pr e t. 
T e y  w e i vesti t  i v al : t li s, t  f , 
in  . The l y lid li s lly t c  it l ck   il  
br w pigm t, p ob bly f g i  ig d i y f d . A d, rk  l  v-
er  th fir  on  nd w s ma e of ca b bl ck n wh t lo ks l k  o g ic b ow  pig-
ment (F gur  2a); the  p trai , t e s  l  p  t  b a p   n 
yel s  lin d ot t e eyel d fold (Figur  2b . The l xc p i n i  E.1178-1988, 
w r  t e i st li s a  tr c d it   r d m teri l. Th  p n e f a s i  sho n
only on th p rtrait f a unknown woma  (P.8-1945), er  d t  r pai te he
l  y l h l ne (Figure 2b).
Hilliard rot  that the ou li f ac l featu s s ld b d aw y a fine p il
(t b  unde t od as a brus ) wit  a fai ros c lour m d  of  l ke [15]; t  p ob bly 
corresponds to t  b o n lin  of g c o igin n du g analys s.  
Th eyes’ ner corn r, whe  visible, is painted with  red material, the composition 
of which vari s for each mi iature.  
Table 3. Mini tures by Nicholas Hilliard which have ndergone tech ic l and scie tific ex mina-
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o j ct th t  p i t n Fr c  (P.154-1910, P.155-1910)   o tr t of u kn
 (E.1177-1988) t i t i i e. It is h i y hi rk d fully
o ell d l s t , c v by ply g y lay of i . Th  ly  w   
l a  h nd c r  l ck tr x s tt e  igm t p tic , pically m -
tite n v m li n. T  l i c  t  f s  portrai  of H i II
c n  i ov r d n  a H l ar ’ w rk i  F [20]. I th  gr
f j t , c p d  to h  st li ti u i 1580s, fl  ton  pp
l , w  a p c f r r l   i  r  c nt , altho g  he us  o  d 
lak ,  f d, a not  r le  o t. Y w ig t , u h l tin y l  g e-
h t , w r  lso id tif , s l x it z ite.  
ul  sc ib in abl 3 a  b t  w t il i  r  i his
r i e. L it nd  a i d t l  reco m nd  o s  f r
 c r io ; i t  c e a p l pl xi   u f t d c ent, ti e
x ith s l a nt f m  (a t   a  i s l  b  u oo
l ti  ll w [21,22]),  d c , w r  o r hy e, sticot an  
uld b  d d [15]. Sim l r m xt s  a rib by N rg t , ltho gh e s
t m t  t  u of as co [1]. A iti n ly, ci tifi a y s v l d  p s nc
v mil  i h  i ou g y H lli n N g e i  h i e i  ut w s 
s l pl y d  t  fl sh to ly e . 
T e vol of t  m ut  built up t t g  t t br w i  i t
t c s (Figur 1); v r i i i t  m i pi m s  i   Fr nc
o , w r s fr m h 1580s, p k n l   f d. s tion li
b t pp a l r li  c ist d f l . Th s sult  co firm d w t w
wri  b Hilli d a d N g t ,  l b u f r the m u h re k , r
l ,  w it  p gm  [1,15]. V m li w i f  by sc tific ly es s  
dition pi t pr . 
Th  y w r  i v sti at   ev l a : t  lash i es, th eli f , e
i  . Th  l  d li l s lly c it  bl ck r  dilut d
b w p gm , bly rg i o g t l y f d. A s nd, rke l v
r  the  on  n  w s m de f ca b l k  hat l k  k  g ic b  p g-
m t (F gure 2a); th r o tra , co   pp s t   a pl   n the
y lash i  nd ot t  ey  fold (Figu 2 . T   xc p io i  on E.1 78-1988,
wh  he i st s  tr ce it  a d m t l. T p senc ey la hes is shown
o ly  th portrait of an unkn wn w m  (P.8-1945), w re do s ar  painted on e 
lo er y a h l n  (F gur 2 ).
H ll ard wr te th t the n f f c al fe t should b draw  a fine p ncil
(t  und st d s  b us ) with a fai t ros c l ur ad of  lak  [15]; th  prob bly 
cor esp n s  th br w lin f g ic ig  n du ng analyses. 
Th eyes’ ner corn r, wh  visible, is painted with a red material, the composition 
of ic  varies for eac  mi iature.  
T b  3. Min t r s by Nicholas Hi liar  which have un ergone technical and scientific examina-
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obj c  t t p t  Fr c  (P.154-19 0, P.155-1910)   po tr i  of kn w
(E.1177-1988) tu i i t i r i . I is h r s by hi w rk d fully
ell fl sh e , chi v by lying y l r of . Th  ys e  a
l n  c  black tr x t e t  p gm t p tic , yp lly m -
i e an  m li n. T l i c c th t f s  portrait f H i III
c t v r d n  a  Hill ’ w k i  Fr c  [20]. I t  r
f j c p i  to h s t li ti  i g h 1580 ,  fl s  t n pp
l , w  p f c f r l  th in r  c p nt , althoug  the u  o  re  
ak , o  f , ca not ule  o t. Y low igm nts, l d tin y ll  n  g -
, r  lso id nti , l  ix d it z . 
T lt  c b  i  abl 3 a  b t wh il iar  c b  i hi
r i e. L  hit  nd l a  i  t ial   reco m d  t  f r
t c i ; i  t c p l  c plexi  t  u f  d c po e t, ti
m x  ith  s ll a n f t  (a t   a s p i u  b u o
 ti  llo [21,22]), w  d c , w r  fo  sw y , stic t nd h
ul  b d d [15]. S il r m xt ib by N rg t , lthoug e 
 m ti t  u of a co  [1] Ad tion l y, ci t fi  aly s v l d th  p
 v ilio , i h  i u g  y Hilli N g te h i  i  but w s
si t l pl  t  f s to .  
volum of t m ut b i up st g th t t br w  i  i t
at co (Fig r 1); v li t  m i  p s o   li  du i   Fr nc
p d, w r s fr m h 1580 , pi k k s  l a   f d. tion li
e pp r a r l c i t of  l k . T sult  co fi m d  w
r  b H ll d a d N g t ,   m i l  t  b us  for h  m uth r k , r
l , w  igm  [1,15]. V m io   nti i  by sc ific ly s s n
d tion  ig t pr e
Th  y w i v sti at  i  v al a s: t e la li s, th i f ld, 
i n r . Th l  y lid li s ally c it  bl ck r  ilu  
b o n m , b bl f rg ig d i y f . A s ond, rke  li c v
r rs  o  n  w s m de f a b n k h t lo ks k  g ic b n pig-
m nt (F gur 2 ); th  t i , t  nd pp rs t b app i o on th
ey l s  n o ye  f d (Figu 2b). T  ly xcep  is o  E.1 78-1988, 
w  e fi st li es a  tr c d it   r d m t rial. T  p sence of ey la he s shown
o ly n th p trai f a unknown w m  (P.8-1945), w re do  ar  painted o e
lowe ey ash l e (Fig r 2 .
Hilli d rote th t t  ou l ne  f t acial fe t  hou d be d awn by a fine p ncil
(t b und t d  brus ) with  f nt ros col ur m d  of  lak  [15]; th s pr bably
or esp n s o t e b n lin f g c rigi  dur ng the analyses.  
Th yes’ inne  corn r, when visible, i  pai ted with a red material, the composition 
of whic  vari s for eac  mi iature.  
T bl  3. Mini t r s b  Nichol s Hi l ar  w ich have n ergone tech ical and scientific examina-
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j c t t p i t  i F c  (P 154-1910, P.155-1910)   or r it of  nknown
(E.1177-1988) tu i  t is r ic e. It i  ch ct s by h w rk d  fully 
ll d t , c v by a lyin  a y la r  of in . Th  a lyse s owe  a
l  whi  c r  bl k trix t e  w t  p gm t p rticle , ypi ally he a-
i  n v ili . Th l i  c  wi the fi in s  a portrait f H nri III,
nt  s ov n  ia  t  H lliar ’ w rk in Fr c  [20]. In th s co gr up
 j c rr p i  to h s t i tic g ri t  1580s, t fles  t n s appe  
l , i  a p r c f  d l  s  m in r  mp nen s, al  the us  of red 
ak ,  f , n t  r l  t. Y l w igm t , u  as le d tin y ll an  g -
t ,  ls  i nt , s l  ix it  az t . 
e l c ib  i  T l 3  c bo t  h t Hilli  scribed i  hi
r ti . L w it d e l a w  i d d  t ial e eco m nd  to u  fo
c n i ; i t c a p l c mpl xi   us f   c o ent, som tim
m x it l  n f a c  (a te  th  at  pe i  s ul  b  u rs ood
l  i  ll w [21,22]),  r du e , w  r sw hy , ma i t n chres
l b  [15]. S mil m xt s   ib  by N rgate, lth gh h  oe
t  u f as ico [1]. Addition lly, ci n ifi alys s ev aled th  pr s nce 
v rmil o , i h  dis ou ge  Hil i n  N rga  i  hei  tre t s  but w s
si l  t  f s to n ly .  
 v l o t m ut w bui t up st t g w th t o t b wn li es pai te
t c (Fig r 1); v il  h  m pi m nt u  r h  ips ri g th  F nch
d, w s fr m 1580 , pi k l k s nd  l a   pr f r . T s par tion lin
b p r li  c t d f d . T r sult  c f m d w t w s
t  b H lli d a d N g , s t  ma i ls t  b u  f r  mou  re ake, red 
l d,  gm  [1,15]. V mi io  w  id fi  y sc tific an lyses as an
dit ig t p . 
Th  y  w i v st g e   v l e s: th e lash lin s, the e li  fol , a d  
i r . T  y la ey lid l  er lly c d it   black r a iluted 
b w p m , ly i i nd p rt lly fa . A second, d rker line cov-
r      mad f ca b a k  w t lo ks ke org ic rown pig-
m t (F gu 2 ); o th  l r tra t , e ond  pp rs to be appl ed only on the
l s i o  th ey l  fold (F gu 2b . The nly xcep ion i  on E.1178-1988, 
e fi t es r  tr ce with r d m terial. T e p nce of eyelashes s shown 
o ly  th p trai f an unknown wom n (P.8-1945), where dots re painted on the
lo r y ash l (Figure 2 .
Hil i d r t th t the ut n s f the f cial fe tur  should be raw  b  a fine pencil 
(to b un e t d   b us ) w h f nt ros lour made of  lake [15]; this pr bably
corr s nds o brown lin s f organic origin en during the analyses.  
The ey s’ i ner corner, wh n visible, is painted with a red material, the composition 
of whic  varies for eac  miniature.  
T bl  3. Min t r s by Nicholas Hi liar  which have undergone technical and scientific examina-
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obje ts that  p i t  i  Fr c (P.154-1910, P.155-19 0) n  u k o
n (E.1177-1988) s u i is artic e. It is h r ct ris by ghl w k d  fu y 
odell d fle h tone , ev by pplying y l y r f t. Th  sh
l ad w ite an  c rb bl ck r x sc e  w  p e p c , t pi ly -
tite and vermi i . Th s is als  in cc rda c t t fin i g n  r r it f H r II
rec ntly disc er d n  so i t t  Hill a ’ k i F c  [20]. I  t c n up
f objects, c rr p di g o his t listic n u i t 1580 , t  fl h to e p e  
pal , ith a pr fer c f r r  l ad as th n r  p n t , lt u  t   f
lakes, now faded, ca not b r l t. Y llo  i e t , s c  ti y ll   g -
hite, w r  lso ntifie , l o  ix  w h zu i  
T  result   de cr b d  Table 3 c r b   H lli r  b i i
treatis . L ad it  an  d l d i e t  ri l r c m n  t  f
the c r atio ; i  the c s f a l  mpl xion t  u of h  p n , t
mixed with a s all m unt of ast c te (a r  t t a thi peri h u  be u e
s lead tin yellow [21,22]), s d , wh  fo  a w  , t  c s
should b  add d [15]. Si il  xtu r a s ib b N g t , l h  o
n t me tio  th  us  of mas ic t [1]. A di i n l y, sci fic a r ve l  t r  
of vermilio , whi h wa  disc ur g d y Hil i d N rg i ir t bu  w s
consi t ntly mploy d i  t  f s to s l d.  
T e volum of t  mout  bui t up st r i g with t t br li s t
at he cor ers (Figure 1); v r ili  he ma p nt s f t  lip i h c
period, w r as from th  1580s, pi  k s r  l d p f d. T r ti li
betwe  upper nd l w r lip con isted f r d l k . T s  ults c f w  w
written by illiar  and No ga , th  at rials  u d fo t u r  lak , d 
lead, a d a wh  pigm t [1,15]. Verm io w  t f  c tif c l  
additi al pigm t p t. 
  w r  i v stig t d i  s v l e s: th  li s, t i f l ,  
inner cor er. Th yel sh y lid li   rally race  it   bl ck r  ilu  
brown p me t, p b bl of rg i  origin a  parti lly fa . A se nd, da k  lin v-
r d t e fi t e a d w made f ca b n b a  nd h looks lik  org ic br w pig-
ments (Figure 2 ); n th at r p rtr i s, s c n  li pp to e ppli l  t e
eyelash in and n n t  ey lid f ld (Figur 2b). T nl xc ptio  i E.1178-1988,
where the first ines trac d wi  a d m r l. The p ence of s s h
only on th  po trai  f an unknown wo  (P.8-1945), w re d t  p i e he
lower eyelash line (Figur 2b .
Hilliard wrote tha  t  utline  of f c al f tur s hou b w  b fi p n l
(to be under tood a  a b us ) wit  a fain ros c lour m d of  lake [15]; t s p b bly
corresponds to t e brown lin  of orga c o igin een dur ng th  analys s.  
The eyes’ i ner corn r, when visible, is painted with a red material, the composition 
of which varies for each mi iature. 
Table 3. Miniatures b  Nicholas Hilliard w ich have undergone technical and scientific ex mina-
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obj s that  p t  i  Fr c (P.154-19 0, P. 55-19 0) n  u kn
n (E.1177-1988) s u d i his a ti l . It is h t is by ig ly w k d full
ode led fle h to , ch ved by pplying y l y r f i t. The  
l a  w it  n  c rb n bl ck m tr x sc t  t d p g e p r , t pi lly m -
it  a vermili . Th  als i c rda c  w h th f n g  n  por r it of H III,
rec ntly dis o er d  sso ia  t H ’ k i F [20]. I  t c up
f objec s, c rr sp d ng o h t istic ng  u i th 1580 , t  f t e p  
pale, ith  pr c  f r r l a  as he in  t , t ug    f r
lakes, now fad d, a ot be r l  o t. Yellow i ts, c    tin y l   g -
ite, w re ls  en ified, l om x w z   
T  re ult   de crib  T bl 3 an r b wh t Hilli r  ib i i
trea is . L w it  an   l r i t  t r l r c n  t  f
t e c r atio ;  the c f a l mpl xi n h  u f t   p n , m ti
mixe  th a s all m nt f astic te (a r  t  r ul b un t
s l ad tin y ll w [21,22]), s duc , wh as o  w r  , i  a c
shoul   add d [15]. Simil r xtur  r a s  s ib b  N g t l h  e 
n  me tio  h  use f mas ic t  [1]. A i n y, c fic a l r v l  t  r s n
of vermilio , which as disc ur g d y H l i d  N a ir r b  w s
si t ntly mploy d in t  f s to s n ly d.
T e volu f th  m ut b il  up st r g w th t b li s t
at h  co ers (Figur 1); v r il  the m i f  t s u i  th c
period, w re s fr m th  1580s, p lak  d  l   p f d. r i  l
betw  u p r d l w r li  c n d f d lak . T r ult  c f  w
written by illi r a d No g ,  h mat ials t  b  u d fo  t  uth w r l k ,
lead,  a w   [1,15]. Ve m io   i e tif  y c ntif c ly  
additional pigm nt pr e t.  
   i v sti t i  s v l : th l i s, th  li f ,   
inn  cor r. Th yel sh  ey lid li s er  g lly r c it bl ck r ilu
brown pi me t, p b bl  f rg i  origin ti lly fa . A e d, da k l  v-
r d t e fi t e and a ma  f ca bon b k d wh t lo ks ik rg ic br w  p g-
ments (Figur  2 ); on th  late port ai , sec d l pp a s to  p ly   
eyelash in and no  n t e ye id f ld (Figur 2b . The on y xc ptio  i o E.1 78-1988,
w re the first in s  raced with a ed ma . Th  p nc  of y la h shown
only on th  p trai f a unkn om n P.8-1945), wher do r  pai te  n t e
l w r eyela h l ne (Figure 2b . 
Hilliard wrot  tha  th  u line f t c l f tur s h u d aw  b a fi  p il
(to b  unde tood a  a b us ) with a faint rose col ur m d of  l k [15]; t  p bably
corresponds to th  brown lines of g ic orig n dur ng t e analyses.
The eyes’ i ner corn r, when visible, is painted with a red material, the composition 
of which vari s for each i iature. 
Table 3. Miniatures b  Nicholas Hilliard w ich hav  undergone tech ical and scientific ex mina-
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obje s th t  p t   Fr ( . 4- 1 , P. 55-1910) t f u k
n (E.1177-1988) u  i  his i le. It  h ise  by g  wo k n f lly
o l d fl h ton , h ve y pplying y l y r  of n . Th  al  s
l a i  an  c b bl ck m ix c t  pigme t , t i lly -
tite a  ver ili . Th   als i c r c t fi i gs n  r i f H  III
rec ntly dis er  a  sso e t H l a ’ k i  F [20]. I t co g up
f obje s, c r p d g o h  t is ic n u i g t  1580 , t f  t e p r
pal , ith  p c  f r r a s th , al  e  f r
l k s, no fad d, a t be r  t. Y llow i t , c   l ti y l  g -
t , w r lso i n fie , ld m x  w h z ite.
T r ult  r d crib n T bl 3 a  b h t H lli d b h
r a is . L hit  an e  l i  r l c  t f
t e c ion; the c a al co pl x n  u f  p n ,
mixed ith a s all unt f a te ( r  t t r u  u t d
a ti  y ll w [21,22]), w s d e , wh   a sw r  , a ti a  c
shoul  b  d [15]. Simi r x ur s s ib  b  N g t , l h  
n  men i  th  us f mast c t  [1]. Addi i n lly, sc e tific a r v l  t  r
f vermil ich as disc ur g  y H li  a No  t ir r t but w s
si t tly pl y d n t  f s t es n ly .   
T volu e of t  m u b i  up st rt  i h t t b  li s t
at h  c ers (Figu  1); v ili the  i n  t p d i th F c
p r od, w r s fro th 1580 , p k  l d  p f d. r ti  li
betw  u p r  l r i c s st d f  d k . T s ults c fi t w s
writt by illi r a d Norgate,  th  ma er als  u d f  m u r  l k ,
lea ,  w it  pigm  [1,15]. Ve m i  a  i tif d c tific 
additi a  igm nt p e t. 
   i v stig t  i s v r l a : t i s, th li f , n h
inn r cor . T y l sh  y l d er  ally r c  it bl k r ilu d
b own pi m t, p b bl f g nic o ig d p ti l y fad . A nd, ark l c v
r t e fir t e a d w s ma e f ca b b k d what lo ks lik rg ic br w  p g-
m nt (F gure 2a);  th l t r ort ai , t seco l n pp  o be pl ly 
eyelash lin d n t eyelid fo d (Fi ur 2b . T e nl exc pti  i on E.1178-1988,
w r  the fi st lin s r  tr c  wi h  d ma r l. Th  p senc y l h is show
only on th p trai  f a unkn wn w m  (P.8-1945), w er d t ar  ai t he
l w r eyela h l n (F gure 2b . 
Hilliard wr t  th  t  outl ne f ac l f at s sho ld d a n by a fi  p nc
(to b  unde tood as a br s ) with a faint ros colour m d of  lake [15]; t  p bably
corresponds to t  br wn lines of orga c orig  e dur g t e analys s.
The eyes’ i ner corn r, when visible, is painted wi h a red material, t e compo ition 
of ch vari s for each mi iature. 
Tabl  3. Miniatur by Nicholas Hilliard which hav  un ergone tech ical and sc entific examina-
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bj  that  p t   Fr . 4- 1 , P.155-1910)  t f kn
an (E.1177-1988) u d i  t is i e. It t i by g w k d ully
o ell  fl h t n , h v  by pplyi g y lay rs p . T  
l a it  n  c b n bl ck m r x s t p me t t , typ lly -
it  a i i . Thi l i c a c  w th th f  n  or r t f H i III,
c tly dis r d  o i ed  H ll ’ k i F nc  [20]. I th co u
f bje s, c r p i g o h  t i ic h n  u i e 1580 , t fl t e p r
pale, with p c  f r r  s t i  t , lt u  t e  of r
l k s, no fad , t be r  . Y l w i t ,   l d tin y g -
t e, w r l o i entif d, l ix  wi z i e
T r ul  scrib d i  Tabl 3 a  b t H ll r  b i hi
r is . L it  an r  l de t r l r c d t f
r io ; i th  c  of a al co pl x  u f t e t, s t es
mix ith a all unt of a e ( t t  r u b u e t
 ti  ll w [21,22]), w  d , wh s   w r  , i c
s oul  d [15]. Si r xtu   als d s i b N g t , l h   s
n  m i  t  us f mast c te [1]. A i n y, i tifi a l s r  t r e
 vermil o , hi h a di c ur ge  y H i r N ir tr i but w s
i t tly pl y d t  fl s t  n . 
T  volu e of t m u w b i  up st t  i  t b l  i t
at th  c (Fi u 1); ver ili i the m i s t lip u i  th F e c
p r d, w r s from th 1580s, pi l k s   l   p f r . r t  li
t  u p r  l r i c s ste  f ak . T s  r ult  c f d  w s
writt n by illi r  a d No g e,  h m ials  u d f  u  r l k , 
l , a d w it pigm  [1,15]. V m lio  ti  y c tif c y   
addi i  igm t p t.  
   i v s i t d i v l a : li s, th li f l ,  
inn  c r . Th  l h y l d li  g al y c it  b ck r ilu
b ow pigm t, pr b bl  f  orig a i y fa . A se nd, dark li e cov
er the fi t  n s ma f ca b n b k d wh lo ks ik  rg ic b w  pig-
m n (F gu 2a); th l t r ort i , sec d li pp t  b  pl ly on he
eyela h n n  on ye id f ld (Figu 2b . Th l exc p i  i o  E.1 78-1988,
w r th  fi st s tr c h  r d mater al. T  p en e f y h  sh w
nly on the portrait f u kn wn oma  P.8-1945), w re d ar  i te n e
lowe  eyelash l e (Figu  2b).
Hilliard wr te th  t  ou l ne f the c al f t sho l b dr b fi  p n
(t b  unde stood s  b s ) wit  a fain r s col ur m d of  l k [15]; t is p obably
cor esponds o th b n l nes of g nic origi n dur g the analyses.  
Th eyes’ i ner corner, when vis ble, is painted wi h red mater al, the composition 
of whic  vari s for each mi iature. 
Tabl  3. Miniatur by Ni ol s Hilliard which have n ergone ech ic l a d sc e tific examina-
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bj  that p i i  F (P 4-1910, P. 55-1910)  t f  u k  
n (E.1177-1988) u i  is ti . It is t i y hi ly w rk d  fully
l d fl t n , h v by ppl g y la r  f p int. T  ly  s  
l n c n b ck tr x s t e d me p rtic , t pic lly m -
tit   v i . This l  i  c t t  fin s n  or rait f H i III
c nt  i o r  a  i e t H l ’ k i  F nc [20]. I t co  o p 
f j ct , c r p d to h  t i ti  i th 1580 , t  f t pp  
p l , wi h  p c  f r r l s i  p e t , l he u   r
ak , n fa , t be r l  o t. Y low ig t ,  l tin y l  go -
t , ls  i nt f , l  x  w t z .
 r l  cr b n T bl 3 a  b  w  Hilli d ib i hi
r i . L it n r l  i d  r l c d to f
t  c io ; th  c f a l pl xi u f ed p ent, i
mix th all unt f t c t  ( r  th t i p r o h u b u t
d ti  llo [21,22]),  duc , w   a y , a tic a c r
oul b  [15]. Si il  m xtu  al i b  N rg t , altho g   o s
n t m io th  us f mast c [1]. A iti n l y, t fi  a ly r e l  th  p c  
ver ili , i h a i c ur g y H l i d a  N i t i tr ti but was
tl pl d i t fl s .
T vol of t  m ut  b ilt u st g t h t wn li  t
t c r (Fi u 1); ve i io i th s f  t  lip  u i  th Fr c
p i , w r s from th 1580 , p  l  p f . i  lin
b t  u p r l r lip c n ist  f ak . Th s sul s o f r d w  w s 
wri t n by lli r a  No gat ,  th  ma ri l   u fo t  m uth r  lak ,
l d, n w  pigm  [1,15]. V li   tif  by sc if c na y s s 
a di o l i t p  
i v tig t  v l : th l h i s, t  i  fo , n he
i  r . T  y l h li l s e g r lly c  it  bl k r  dilu
r w igme t, r b r i gi  a  pa ti lly fa d. A c nd, darke l c v-
red he f t o a w s ma f a bo k  w lo ks ik org ic br w  p g-
m nts (F gure 2 ); o th  l ter t i , c d i   t pl d ly  
y ash  and ot o t  ey lid f ld (Figu  2b T ly xc ption i  n E.1178-1988, 
wh r the fir t i s tr c d w   d l. T  r s nc  of y a h  hown
o ly th p rtrait of n u kn wn woma P.8-1945), wh r dot a  int d the
l r ey a h l  (Figu 2b).
H l rd wr t  tha  t tl n f t f c l f tur h u d w  b  fine p ncil
(to  unde st d a  a b s ) wit   f in ros lour m d  of  l ke [15]; th  pr bably 
or sp nds t b ow lin  of or a c orig n en during t e analyses.  
The yes’ i ne  corn r, wh n visible, i  pai ted with a r d material, the composition 
of ic  varies for each mi iature. 
T b e 3. Min at res b  Nichol s Hi l ar  w ich h v undergon  tech ical and scientific examina-
tion. Gr yed-out cells indi te that n  nalysis was carri d out. 
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j t at  p t   Fr (P.154-1910, P.155-1910) r t f u kn
n (E.1177-1988) tu d t i r i . It i  h e i by hig work d ful y
l d fl t n , hi v d by ppl  y l r  f i . T  l s s h  
c bl k tr x s t e d p gment p rtic , t pi lly m -
tit  d v ili . Th s l  i  cc t th  f i s n  r rait of H i III,
r c t  di r  a  a t Hi ’ k i  F c [20]. In th con oup
f j c r p di  to h s t i ic n ri  1580 , t fl s t pp
p l , i h  p f c f r a s i  p t , lt u  he u e o  r  
ak , o fad , c not b r l d t. Y l w ig t , c   ti y a  g -
t , w ls  n if , l x  w t z i .
r ul  cr b  bl 3 a b wh t Hilli  rib in hi
r is . Le it an l t ri l e r  to  f  
h c io ; h  c  al  l x  u of t  d p e t, so ti
mix wit all of t o  ( r  h t t t i p r  s u b u e t o
ti  y llo [21 22]),  d , s f  a ar y , i t a c
oul  b  [15]. Si i r xtu  a  i b  N rg t , lth g o
n m th  u f mas c t [1]. A i i n l y, ifi y r e l  t  pr ce
of ver i i , i h a di c ur y H i  N rg t ir tr but as
i l pl y d t f s t s n .
T vol m  of t mout  w b i u st rt   t t b w lin  t
at r (Fi 1); v i i t m   t  lip  d i  th  F c
p , w r s rom th 1580 , p l l d r  f r . i  lin
b t  upp r l r  c n i t f  k . Th r sult  c f r h t w s
wri t n y ll r  a  No ga , h  ma i l u f th  m u  w r ak , d
l , w t  gm [1,15]. V rm i   if  by sc if c n y s s n
di i  t p e  
   i v ti t  s v l : t sh i s, th y i fo , nd e
i n r r . Th y  y l l  g ally r ce  it  bl k r a l d
w i m , b b  i rig  pa t l y f d d. A c , d k  l c v
r f t  and wa ma f a b k what lo ks l k org nic br  g-
m n (F gure 2a);  th l r rt a  eco d e r  t pl d o l  on the
y lash i  t ey lid f ld (Figure 2b). T  nly xcep i  is on E.1178-1988,
w r t fi st i s tr ce  r d ma r l. T  p e ce f y la h s sh wn
o ly th p trai  f u kn n wom n (P.8-1945), wh r d t re ainted n the
lower eye ash l e (Fig r 2b .
Hilli d wr te th  t  u ne f t c al f t es sho ld b r  b a fine p nci
(to unde t d a  a b s ) with  f nt rose colour mad  of  lak  [15]; thi  pr bably
or esp nds t t  br wn lin  of g ic origin duri g t e analyses.  
The yes’ i ne  corn r, wh n visible, i  pai ted with a red material, the composition 
of ic  vari s for each mi iature. 
Tab e 3. Mi r s by Nichol s Hi l ar  which have un ergone tech ical and scientific examina-
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j t at p t   F 4- , P.155-1910) r i f a  k wn
n (E.1177-1988) u e  t is a ti . It  h t r s  y hig l  work d fully
o ll fl t n , v  by ppl i  ny l y r  f nt. T e y  sh  
c b ck tr x tt pi ment rticle , typi lly m
it  . Th l i c w th t  f s n  ortrait f H i III,
c di o r a  e  H l i ’ o k i  F c  [20]. In t ec up
f bj c s c p di g o h s t ti c u i g th 1580 , t  fl h t n  pp
p l , th p r  f r  as in  mpo t , t u he u  of r
k  o fad , n t b t. Y low ig t , u  s l ti y  goe-
t , ls  i n if , l i azu t .  
Th r lt cr b d  T bl 3 a  c w illiar  crib  i hi
r i . L it   l i r l e r m n  to  f r
c io ; i c  f  l l xi  f t  d p ent, s i
m x th  all t f  ( r  h t t i  r sh u  b  u too
ti  llo [21 22]), w d , s o  a s t y , mas i a  c r
oul  d [15]. Si i  ixtu a s  s i  b  N r t , lth g  h  o
n t m t  u f m s c t [1]. A i l y, i tifi a s r e  th  r c
 verm li , i h a di c r ge y H lli  N rg t i r t bu  
i t tly pl t  f t d.  
T volu  f t m u  b i u st t g wi h t b wn li  p t
t o s (F 1); v ili t  m  t f t lip  i g th  Fre c
p i , r s rom th 1580 , p l r l d  p f r . p i  li
b w u r l w r i c i t k . Th sults co firm d at w s
wri t n by il r N g t , th ma i l u f  u h r ak , e
l d w p gm [1,15]. V m io w  tif  by sc if c ly s s 
d i l pi t p e . 
  i v tig t  i v l s: th y h li s, th ey li fol ,  he
r r. Th l h y l li s g lly c  t  bl k  il
w i m t, b bl  f ic igi  pa t y f d. A d, rk  lin c v
r d t f t an s m f a b k d ha lo ks lik org ic br w p g-
m nt (F gur 2 ); th  l r r t  t  ec nd l a s t ppl d ly o  
y lash l and t ey li  f ld (Figu 2b . T  o ly xcepti  is on E.1178-1988,
w e e firs i s tr c   d ma r l. Th  pr se c  of y a h s shown
o ly n th  p tr i  f  u k wn om  (P.8-1945), here d t  re p inted the
l ey h l (Figu 2b .
Hilli d wr t  th  th  out in f t ac l f t  s ul be d n by  fine p nci
(t b un e t d as a brus ) w  a f n ros lour m de of  l ke [15]; this pr bably
or sp n s o t b n lin  of orga c rigi  en during the analyses.  
Th yes’ i ne  corner, when visible, is pai ted wi h  red material, the composition 
of whic  vari s for eac  mi iature. 
Tabl  3. Mi i r by Nichol s Hi l ar  which have n ergone tech ic l and sc entific examina-
ti n. Gr ye -out cells indicate that n  naly is was carried out. 
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j c t at  p i  i Fr  (P.154-1910, P.155-1910) p tr it f an u known 
(E.1177-1988) tu i i t is tic e. It cha t by hig ly w rk d n fully
ll d fl , h v by l  m ny l y s f int. T  alys  s owe  
l w c b k tr x c t t  r  i men  p rticle , ty ic lly h -
tit   v r i i n. Thi l i  a c r c wit th  fin i s n r rait f H nri III,
r c l is o r a  t t  H l i d’  w rk i  F c [20]. In th co d g up 
 j c s  c r p d to his t li ch g  u ing t 1580s, t  fl sh t n s ppe  
p l , wit   e c f r s in mp ts, l  th  u  of r
lak , fa ,  b r l  . Y l w ig t , u  s d tin y l ow  g e-
t , w ls n f , l ix  t z t . 
h r l sc b i  T bl 3 a c b H lli r  d cribed in hi
i . L w i  l r   t  l e m  to f r
 tio ; i c l o pl xi  h u  f  r p nent, o ti
mix it  ll u f  (  t  th  d uld be un o d
i  l [21,22]),  du , w r s  o , i a  r
o ld [15]. S mi r ixtu s  s sc i  by N rg t , alth g  h  oes 
n  m io th  u f mas ic [1]. A iti n lly, i fi a al s r l d th pr s ce
ve il , h wa  di c r g y Hilli  a  N i t i r tis s bu  w s
t ly lo d i  t f s t n y e .  
T vol of t m u  w b i t u st r i g t o  b wn li s p nt
t the c er (F g 1); v i is th m i i t fo  li  i g th  F c
i , r s from th 1580 , p l k  d l r  pr f rr d. T  p ati  li
 u r l r i  c n i t f l k . T se sul  co fi m d w a  w  
wr t l r N g te, th  ma i l u fo t  mou  w r  l k , ed
l , d  gm  [1,15]. V mili n  nt fi  by c tific ys s s a
a di i l i t pr t  
i v st g  v r : s li s, th  ey li fol ,  the 
i n . T y l h l  l w er l y t c it   bl ck r a ilu e
b w p gme t, org c gi  d parti l y f d. A s n , k r line cov-
d t  f  n a  ma f ca b  bl d wha lo ks lik  org ic brow  pig-
n s (Figu 2 ); h  l e  i  t d  a p  t  be ppl d nly o   
y l sh   t o t ey l d fo d (Figu 2b . T ly exception is on E.1178-1988, 
t first l es tr ced w h  d m t al. T p c  f eye ash s is shown
only o th  p rtr t f a unk wn oman (P.8-1945), wh r d ts re in ed the
l w r ey a l ne (Figur 2b).
H l a d r t th  t  tl n f t  f ci l f tur h u be n by fine p nci
(to unde t d  b s ) wit  a fa n  r s colour made of  lake [15]; this probably 
cor espo s  b ow l nes of or an c orig n s en during the analyses.  
Th  ey s’ i ner corn r, wh  vis ble, is painted with a red material, the composition 
of ic  varies for each i iature. 
T ble 3. Min tur s b  Ni ol s Hi l ard w ich h ve undergon  ech ical a d scientific examina-
ti n. Gr y d-out cells ind te that n  analysis was carried out. 
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j  t p i t  Fr  ( 4- , P.155-1910) d  p tr it f an u known
n (E.1177-1988) i d t is rticl . It  c t e by hig ly work n  fully
ll d f t , hi v  by pl  m ny la s f p int. T  nalys s s ow  
l d c bla k rix t e t r d gment p rticl s, ty ically h m -
ti  v il n. Thi s l i  wi h th  f n i s   or rai  f H n i III,
r c y i ov  s at t  Hil i d’  w k in F nc [20]. In th s cond gr up
 j c s c r p d o his tyli tic c ng ri g th  1580s, e fl sh t ne  app ar
p le, wi e c  f r  l a s  in  mp e t , l  the us  of r
k , , c t b  r t. Y low ig , u  as d tin y llow  g e-
t , l  nt f , s l  ix  wit zu it . 
r l r cr b d i  T bl 3 a c bo t hat Hilli rd desc ibed in hi
i . L it l d r i t i l  e m e  o s  for
 c i ; i c  p l o l xi h  u f  r  pon nt, som tim
mix w ll u f m e ( t m h t t i  r d should be u r too
i  lo [21,22]), s r d , w  f r  a y , a i n  chr
l  [15]. Simil  mix u s s  s i  by N r t , lth gh h  does
n m i h  u f as c [1]. Ad i i n lly, i ifi a al es r  th  pr s nc
vermil hi h wa  di c ur y H li an  N rgat i  th i  atis  but w s
ly l i t fl s t  n y e . 
T vol m  f t m u  as b i t u st g  t   b w  li es p in
t r (Fi 1); v i i is h  i t for ip  u i g th  F nch
, s fr m th 1580 , p  l  d l d  f rr . T  ati  lin
b  u l r li  c i t f   k . The r ults co fi m d w at w s
ri t l  N gat , th  ma i ls  u d f t  mout  wer  lake, re
l , d h t gm  [1,15]. V rmili  w  i tif  by sc tif c a ys s as a
di l i m t p t.  
 w v tig   v r l : th ey lash lin s, th eyeli  fold, a d he
 r . T  y l d ey l  w erally tr c  ith  black r a ilu ed 
ow igm ,  d part lly f d. A second, darke  li cov
r he f t  a a m f a b k d what lo ks ik org nic row  pig-
t (F gu 2 ); h  l r ra s  t  co d a a  t  be ppl d nly o  
y l s li nd ot t ey lid fold (F gu 2b). The n  exception is on E.1178-1988,
w e t fi t l n s trace  w t  ed m teri l. T  pr e c y lashes is shown
o ly  th  p rtr it f n u kn wn m  (P.8-1945), wher dots re ainted n the
l eyela h l (F gu 2b).
H llia d wr t th  t e ut n s f th faci l f t  should be awn by a fine pencil
( unde st d a  b s ) with  f nt ros lour ade of a lake [15]; this probably 
or sp nds o th br w lin  of organic origi  en during the analyses.  
The y s’ inne  corner, wh n visible, i  pai ted wi h a red material, the composition 
of ic  varies for each miniature.  
Tabl  3. Min t r by Nichol s Hi l ar  which have un ergone technical and sc entific examina-














































 Lead white       
Vermilion        
Hematite        
Red lead         
Lead tin yellow I       
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
j t   t d i F  (P.154-19 0, P.155-1910)  p rtr it f a  nknown 
n (E.1177-1988) tu ied t is rtic e. It i c a ct ri e  by highl work d an  fully
ll d  t , hi v by pl ng ny l y s f p nt. T  n ys s s owed a
l d i  c o b k ix tt wit  r d pigm t p rticl s, typically h -
tit  l n. Thi s l i  a a w t th  f n i s  a o rait f H nri III,
r c  i v r a  ia  Hi i ’  work in F nc  [20]. I  th  s co  gr up 
 j c s, c r p i  to h  ty i ti g u i  1580s,  fles  t nes appear 
p l , w t f c  f  l s m in e  mp e ts, l  the us  of r
l k ,  , c  b rul  . Y low ig , uc  as l ad tin yellow and go -
,  l i n f , l o  ix  it azu it . 
r lt r c b d i  T l 3 a  c or at H llia d d sc ibed i  hi
i . Lea i r  le r d th  a i l  e o me d to us  for
 a i ; i c  p l o l xi  the u  f  ed o o nt, s m tim
m x w  l  t f m t co  ( m h t t t i  r d s uld be und r tood 
ti  l [21 22]),  r d c , w  f r a y o , ma ico nd ochre
l [15]. Si il r mixtur s  als  i  by N rg t , although he does 
n m o t  u f as c t [1] Ad i n lly, t fi a al s  re led th  pr s e 
f ver il , h a isc ur ge  y H lli an N rgat their t e tises but was 
i t tly plo t  fl sh t n y e .  
T volum  of t m u  b il u st r g  t r  brown li s p in
t e (Fi u 1); v i io i  th ai  igm t fo  t  lips i g th  French
, w s om 1580 , p  la e   le d r  r f r d. The ep ati  lin
b t u p w r l c ist of   l . Thes  r ult  confirm d at was 
ri t n b Hil rd No g ,  th ma i ls  u d fo  mouth w r l ke, r
l d, d p gme t [1,15]. V m li  n i  by c tif c na ys s as a
di io l i t p . 
  w  i v tig t  i ev r l r : sh lin s, th  ye id fold, a d  
 r r. T l  y lid li w  ne l y tr c ith bl ck r a ilu ed 
gm , f o n c origin  part ly f d. A se nd, darker li e cov-
r d t f r t  d s m f a b l ck and w at lo ks l ke org nic brown pig-
s (F gu 2 );  e  r r t  econd l  a  t  be ppl d nly o   
y l s  a o ey id fold (Figure 2b). Th  ly excepti  i  on E.1178-1988,
w re h f t li s tr c t  red mat ri l. T  pr e c  f yela he is shown
o ly n th  p rtr it f  u k wn om n (P.8-1945), wh re dots are ainted n the
l w  y a l (Figu 2b).
Hilli d wr t  that t  ou i es f t aci l f tures sh uld be d awn by a fine pencil
(  un e st d  b s ) w h a f int r se colour made of a lake [15]; this probably 
or es n s to th b o n l n of organ c rigi  ee during the analyses.  
Th  yes’ i ne  corner, when vis ble, i  pai ted with a red material, the composition 
of hic  vari s for each mi iature.  
Table 3. Mi i r s by Ni ol s Hi l ar  which have ndergone ech ical a d scientific examina-
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Lead tin yellow I       
Gold
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obje ts that  p i d  Fr P. 54-1910, P. 55-1910)  r  k
(E.1 77-1988) u d  t is r ic e. It is r b ig y r  fully
m e led fl h , i v by pplyi g m  l y r  of p nt. T s 
l ad it  a  c b  bl ck x s tt e p m t l , t lly -
tite a i i . Th s s l i c r c he find a it of H III,
r c ntly d r  a  as o i o Hil a ’ k i  F [20]. I  c n up
of bjec s, c r sp ng to his ty stic  ri th  1580 , t e f s t n p
pal , it pre renc  f r r  l ad t e m i r p t , t ug  f r
lakes, o fad , ca t b  l ut. Y l i ts, c  l ti y ll g -
e, w e s  i tifie , ld m x  wi h zu i e.
Th  r ul s r cr b in T bl 3 nd co b t  H lli b
re tis . L a w it  an  r  r i r l co t f
t e c io ; the c  f l  c x n th us f th r p t t
xed w t  a ll m u t f s t  (  t t t  p  sh u b rsto
a ti llow [21,22]), w  r c , as f  w r  , m tico r
sh uld b dd [15]. Si il r x r  ar  a s ri N g t , lt u d e
n  m nt n e u f m st c te [1]. A d i l y, sc f y s r v   r s
of ver ilion, whi h was di c ur g  y H i Norg i t i  tr at bu s
i t ly pl y  t  f s t n y . 
T volume of th m ut b ilt up t rt  with w t li  p i t
t he c s (Fi ure 1); v r ili   m g n s for t i u i g th  
riod, r as fr m th  1580s, p k n  r d l d r  p fer d. T t  l
betw e u p r d low r lip c si t f ak . Th lt c f  w  w
writt n by Hilli d a  N gat ,  th m als o  u f ut l k ,
lea ,  white igm [1,15]. Ve i n  i ti  y c tif c a
add tional igm nt pr t.  
  i v stig  i v l a s: t l  i s, t  i f , d
in er corn r. Th y sh yel d s er  g er l y ac w t   ck r dilu e  
b ow  pi m , p b bl  f   p rt y f . A c , k l e v
r d t e fir t on  d s ma e f ca b bl  h t lo ks k  g ic b  ig-
m nt (F gu e 2a); o  th l t po t its, s c l pp t b p l
eyelash n a  o yelid f ld (Figur 2b). T l except is n E.117 -1988,
where the irst i s tr ced w h  r d m ter l. T  p sence f y a h sh w
only on th  p trai  f n u k n wom n (P.8- 94 ), w re d are aint  he
l y l h li e (Figur 2b .
H lliard wr t  th t t  ou l ne f the fac l f at es sh l w fine p nc l
(t  be unde to d as a b s ) wit  a fai ros  colour mad of  l k  [15]; th  pr bably
corresponds to th  b n li es of orga ic orig n en du i g analy s.
Th eyes’ ner corn r, wh  visible, is painted with r d aterial, the compo ition 
of which varies for each miniature.  
Tabl 3. Miniatur s by Nicholas Hilli rd which hav erg ne technic l a  scie tific examin -
tion. Gr yed-out cells indicate that n  nalysis was carri d out. 
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o j that p i t d  Fr nc P. 54-1910, P.155-1910) n o  f  k w
(E.1 77-1988) u i d n s ic e. It i  ch r te ig ly w r fully
m ell d fl h , v  by p lyi  m  l y  f p int. T e n y
ea w i  a b bl ck ix s d p gm t rt , ly
ite a  ili . This als  i  r c  wit h fi  it of H III,
r c tly d r an  s o i t  H l a ’s k i  F c [20]. I c oup
f obj c s, c r esp ding o hi tyl s ic ri th 1580s, t e f t  p
pal , it  pr r n  f r r  d i r p t , l ug t  of r  
lakes, o f , a t b r l ut. Y l w igm ts, c s ti y g -
i , w e  ti ie , l m zu e.
 res lts ar c b  T  3 co b  H ll a d b i i
r a i e. L white a  i r l  r c t f
the c i ; in h  c f a l c x t  of h r d co t, i
xed wit  a ll u t f t  ( m h t t i p  sh l b u r t
a  l ti y ll w [21,22]), a r c , a   w r , m icot d r
h ul  b dd [15]. S mi r ix r  r a s ri N rg t , lth   d
n  m nti  e us  f m s c te [1]. A d y, s i f l s r  h  res
f ver ilion, hich wa di ur  by H lli a d Norg  t i t t bu  
i t tly pl  n t  f sh t ys .
 volu of th  m ut  b il up t rt  th w t li p i
t  s (Fi u 1); ver ili the m nt us for  li ing h  F
ri d, h s f m 1580s, p s an r  l d r  p ferr d. T ti n li
bet e  upp r d l r i co s  f r ak . T  l c f r h t was
r t n by ill r  a  N rga ,  th m ial o  u f  uth w  , 
l , a d whi  [1,15]. V mi i n  i t f ed by c tif c y s 
add io al igm nt pre nt.  
T  eyes inv stig d i v l s: s li , t i f ,   
in  c r . Th ey l sh yel d s er g er l y c wit  k r ilut d
b w  pi m nt, pr b bly f a ic gi p r y a d. A c , a k li v
r d t fi st on  a d s ma f ca b  b a d w at lo ks ke g ic b o  ig-
m nt (F gu  2 ); o t  t  tr i t s li  p t b pp o l  on the
yelas lin and on t  ye d f ld (F gur 2b . The xc p i i n E.1 7 -1988, 
w re t  irst li es ar rac d h  d r l. Th  p ce f s sh
only on th  po trai  f u k wom n P.8- 94 ), her d s r  ain ed e
lo y l sh l e (Figu  2b .
H lliard r te tha  u l n f t ac al f at s s o ld b ra y a fine p nci
(t  b  under t od a  a br sh) with a fain ros col ur m d of  l k [15]; this pr bably
corresponds to the b n li es of orga ic origi  en du g analyses. 
Th eyes’ ner corner, wh n v sible, is painted with r d ater al, t e compo ition 
of which vari s for each miniature.  
Tabl 3. Mini tur s by Nicholas Hilli rd which hav erg ne technic l a  scie tific examina-
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bj ts th t p te   Fr e (P.154-1910, P.155-1910) a a ortrait of a nk o
an (E.1177-1988) e  i  t i ar i e. It is act is b h w r e a ful y
ll d fles t e , ac eve y plyi g a  laye f pai t. T e a a es owe
l i a ca b b ck ix s tter t re p t t es, t ic lly e -
tite an e ili . T is also i ccor a ce w h e f n s o a po r it f H ri III  
recently isc vered and socia d t H l ar ’s wo k in Fr ce [20]. I e s co group 
f bj ts, cor spo i g t his sty istic ch i g th  1580s, e fl sh t es pear
al , wit p re f r red lea s t  ain re  c p e t , alt t e se f red
l k s, o f d d, n b r le . Yell ig e ts, s ch a  lead ti  y l w go -
t ite, re lso i tif e , s l om ixe az it
T r s lts re scribe in Tabl 3 an  c rr b r e at Hil ia  s r i  i
tr a ise. L whi  n lea r ee th t als  r c e t s f
t e c r ation; in t e case a pa e o lex on the us f t e red co o e t s met es
mix with  m l am unt of cote (  ter ha at t s per ul be u e s
s e  ti  ellow [21,22]), reduced, ere or  swa t e, t o e a  oc res
s ould b a e [15]. Si la m x es re also sc i d  N r , a tho  e does
 e on  se of ast cote [1]. Ad t o ly, cie tif c a a yses reve le t  res ce
v r ilio , whic a i coura e by H lia d  N r at i ei trea is bu as
st tly e pl t e f es t e na y e .
T volu of t e o th a built up t rti ith t o s ort bro li es p i t
a t e co  (Fi ure 1); verm li i t p gme se r t  li  ri  he Fre c
o , h r s fr m the 1580 , pi k e d r  le d are fer e . The s aratio  li  
et n u p r d lo  ip co sis e  of re ake. The e s lts c f r d w at was
ri te  Hilli r an  N r t , s he a ri l  s f r ut  re l e, re
lea , a d white e [1,15]. Ver li  s e ti e  sc e if c a yses s a
ad i io a igm nt p t.  
The y s ere v sti t d i  v are s:  e l s li s, h  e e i f l , an  
r c r. T  s  y id r rally c d t   l k r l t
br w igm n , p ob bl f r anic orig r i ly f d. A c , rk  li c v-
r the first on  s m e of ca b b k nd h t lo k ik  org ic br n pig-
m nts (Figure 2 ); t er po rai , h co lin  pp r  t  p  l  o t
eyel sh  o ye id fold (Fig 2b . Th o x i is o E.1 7 -1988,
wh re the i st li es ac d t  ial. T r s nce f h is h  
o ly o th p rtrait f n u k  wo a (P.8- 945), wh r d a  int d n the 
lo e  y lash l  (Figur 2b).
Hilliard w te that t e ou l ne f h facial f tur  sh ld b dr w y a fine pe il
(t be unde stood a  a br sh) with a fai t rose col ur made of  lak  [15]; t s probably 
corresponds o the b o n li es of g ic origin se n du ng analyses.  
Th  eyes’ ner corner, when visibl , is painted with a red material, the composition 
of which varies for each miniatur .  
Table 3. Miniatures by Nicholas Hilli rd which hav derg ne technical a d scientific examina-
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j s th t e p i te   Fra ce (P 154-19 0, P. 5-1910) a ortr it f a  u k w
 (E.1177-1988) s   th s a i e. It i a a t rised b  h  w e  a ful y
l e  fles es, ac ieve y a lyi g a y l ye s pai . T e a al ses h we
e d w it c rb n b ck trix sc tter  wit  re  pi t p rt cles, t pic lly em
it  er li . T i s also i cc r a ce w th t e f i s o  a o tr i  f H ri III
rec tly d sc ver  a d sociat to Hillia ’s w rk i Fr e [20]. I e s co gr up
f bj ts, c r s on ing t h ty i c ch r g  1580s, e fl sh es pear
ale, it  pr f ren  for e  a as ai re co p e t , alt g  t e se f red
lak s,  f d d, c nn b r le . Ye l ig e t , s c  a  le d ti  y a go -
i , ere so i ntif e , l o e  i az r t .
T r s lts r  cr bed Ta e 3  c r b ra e at l ia scr i  hi
r a i e. L d white nd r  lead w r e t al c m n e se f
t e car atio ; in e case a pale c ex t e s f e re c one t, o et es
xe wit a ll a u t of m t co e ( er ha at s per s o ld b  u
le  ti  yellow [21,22]), as reduce , ere  for  swa t e, mast cot a  oc r s
s ould b  ad ed [15]. S a x res e a so c i d Nor a a t oug  e do
 e i  the se f ast c te [1]. Ad itio ally, ci tific a s s revea e  t  r nce
v r i  ic was i c u a e by H lliar Nor te n t ei rea is  bu a
c st tly employed t e fles e a yse .
T volu of t e o t w s buil up t r it t o s rt ro es p i t
 th  c er (Fi u 1); v r ili  p g  u or e l d ring the Fr c  
r , her as fr  he 1580s, p es a d r le d a  r f r e . The s aratio l n
tw n upp r a  lower c si t  of a re k . T e r s lts co fir d a  was
r te   Hill an  N te, as  mat r al e s f r the u h ere e, re  
lea , d white gme t [1,15]. Ver ili  e tif d  scie if c a lyses s a
a ona pigm t pr s t.
T e y s wer v stigat d i s v r re : th e l s li s, t e li f l , a th  
in c r. The ye s y id r n lly r c t l ck r il
br  igm n , p ob bl  of ani  orig d i l y fa . A , rk li  c v-
d th first one  w s m f carb  b h t lo k lik  org ic br pig-
m nts (F gur 2a); t l te  o rait s ond l p b  pp ed onl o  he
yel sh    n h ye fo d (F g 2b). T o l  xc i  i E.117 -1988,
r t  i st li es t c d w  mate ial. Th s   a h is h
o ly th p rtr t f u k n w (P.8- 945), h r d t  paint d the
lo r y l sh l  (F gur 2b).
H lliard ote that t e ou lin of e acial f tur  s ul be d a n y a fine p c  
(to b  unde t od a  a brus ) with a fai t ros lour m d of a lake [15]; th s probably 
corr sponds o the brown li es of g c orig n s du ng analys s. 
Th eyes’ ner corner, when visibl , is painted with a r d material, the composition 
of which vari s for each miniatur .  
Tabl  3. Miniatures by Nicholas Hilli rd which hav u derg ne technical and scientific examina-
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j c s t at h p i in Fra e ( 4- , P.155-1910) ortr i of a  u k n
(E.1177-1988) s ie  t arti . It  a a t ise b i ly w rke  a ful y
l  fles o es, ac ieve y p ly  a laye s p i t. T e a a ses howe
e d  a ca b bl ck atrix sc tter w t e p t rticles, t c lly em
tit ver i io . T  is also i  ccor a c t  th f gs o a or rait f H ri III, 
rec tly disc ver a  ssoci e o Hil ’ w rk i Fr c [20]. I h  eco gr up
f obj cts, c rr s o ing h t li c ch r  1580s, t e fle h e appea
al , it   p f re for re e as he ai r co e t , al g t e us of red
l k s, f ded, ca n b r e u . Y l ig e t , s ch as lead ti  y w an  go -
t , er  lso i tif e , el o ixe i az rit
Th  r lts are scr e  T le 3 a  c r rat H ia  d cr  i hi
r a i e. L ite n lea re ee t t al e r co m e to e f r
t e c atio ; in e case a pale o lex n t e use f t e r co po e t o eti es
ixe w   s ll a t f a t c e (  ter ha at t is eri s oul  b u t o
s le ti  yellow [21,22]), as r duced, ereas for swar y e, t o a oc res
oul  b  adde [15]. S a m x res e a s c i d by N r at , a tho  e do s
o  o h s of asticote [1]. Ad i lly, ci tif c a a s s rev le t  e
v rm io , i a i c u a e  by H l iar N r t heir rea is bu a
c s st tly employe t e fles e a se .
T volu of t e o  s b il up st r g t o s t bro es p t
t t  c r  (Figu 1); verm i is h  p g e fo e li s d i g th Fr ch 
p o , her as fr m e 1580s, p k ak a d r l d ar  f rre . T e s par tio li
t en upp r a  low  co si e a r k . T e s lts co f r  was
r te y Hill d  N te, s he ri ls t e s f r t e mouth ere , re
lea , d whi e e t [1,15]. Ver li  as e ti ie sc e tif c lyses s a
a di o a  pigm nt pr s t.  
T e ey  r i v stiga ed i s v r l ar a : h li s, t  e lid f l , nd  
in c r . Th  ye s li w r n lly t c  t a l k r a l t  
bro  igm , p o bly of g ni  rigi d a i lly a . A c , rk li c v-
d th fir t o   s m  f carb bl h lo k  lik  ga ic br wn ig-
m ts (F gur 2 ); n th  t  rtr it h  e ond li  p r b  ppl nl o  e 
y l sh   n yeli fold (Fi 2b). T  xcepti  i  E.1178-1988,
re  fi st i e   rac d wi h a d te i l. Th  s c  of ey a h i hown
o ly n th port a t f a u k wo  P.8- 945), w re d t  p inted he
lo er y l sh l (F gur 2b).
Hilliard r te that t e lines of the cial f tur sh l be d  b fine p n i  
(to  under t od a  a b us ) with a fain  ros lour d of a l ke [15]; t is probably 
cor sponds o th brow  li es of g c orig dur ng the analys s.  
The eyes’ inner corner, when visibl , is painted wi h a red material, the composition 
of hich vari s for each miniatur .  
Tabl 3. Miniature by Nicholas Hilli rd which hav u derg ne tech ical and sc entific examina-
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bj c s t a p i t in Fra e ( 4- , P.155-1910) ortrai f a u k w
(E.1177-1988) s i i a i . It charact s b ighly w rke  fully
d ll  fles t es, ac ve y ly  a  la s o p i t. T e al ses sho e  a
le a c rb  b ck rix s ter e i m t rticles, t lly ema-
tite er ili . T s s lso i ac r a e w th t e fi gs o  a por rai of H nri III
rece tly is v r d a d sociate to H a ’s w rk Fr [20]. I he seco d r up
f bj c s corr s o ing h s st istic c  t  1580s, t fl sh es appear
al , i a p ren e f r re l a he a  r co s, a t g t e us of re
k s, o f ed, a be r e . Y ll ig e s, s c  s ead ti y llow a  g -
, er  lso tifie , el  ixe i z i .
Th r l are scr e  i a l  3 an c rr b ra  H ia escr e  i hi
a ise. L w i   l r  e t i l r co men o e for
r ion;  t e cas a pa e o plex the us  f e r  c p e t, ti e
ixe w th  m ll am unt f tico e (  t  that at t is rio s l  b  r t o
s le d ti  ellow [21,22]), as r ced, ere  or s ar h e, ast co a c re
shoul  be d [15]. Si ila m x re  a e a sc i d b N r at , a tho gh e do
ot on the s of as ico e [1] Ad i io l y, sci f c a lys s rev le t  res e
v r i o ic a  i courage by H l a d Nor  i thei re t s  but as
s sten ly emplo t fles e a yse .
T volu e of t e  w s bui t up tar i g i h t o o t bro es p t
a  r r  (Fig re 1); ver i  p g t s f r t e i s uri g th  F ench
p rio , h r s fr  1580 , p k k a d e  l ad a  f rre . T e separ tio  l e
t ee  u p r w  i  c siste a r  ke. Thes s lts co firm d w  was
r te H li r an  N r e  s t e t r a   b se f t out er  l ke, re
l , a d hi e pigment [1,15]. Ver i s i e ti i  y c e tific lyses s a
a d io pi m nt p s  
T e y  er  i v tiga i ver re : s  li es, th lid f l ,  
 c r. T d y i  s w r e r l y rac d wit  bl ck or  il d
br w  i m t, b b f g c r gi ally d. A n , k li  cov-
r d e fi t n  d m e f carb b c hat lo ks lik  rganic bro  pig-
m n s (Figure 2 ); n th r ra ,  co li  pp  b appl o l  
yel s  a n i  f d (Fig r 2b . Th ly xcepti  is E.1178-1988,
where h  first i s tr c with a r d t rial. Th sen e ey lash s show
o ly o th  p t ai f an u k w (P.8- 945), wh r d ts ar  p in ed he
l r y a h l (F gur 2b .
H l d wr t  th t t  ine f t f c l f tur s should be aw  b a fine p ncil
(to  unde tood   b us ) with f nt r s lour mad of  lake [15]; th s pr bably
cor sponds to th b own l es of or a ic orig  e n during the analyses. 
Th eyes’ i ner corner, when vis bl , is painted wi h a red material, the composition 
of hich varies for each miniature.  
Tabl 3. Miniature by Ni ol s Hilli rd which h ve undergon  ech ical a d sc entific examina-
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j s t p te i  Fra e (P.154-19 0, P.155-1910) a r r f a  nk w
 (E.1177-1988) t i i  a ic . It is a ct b h w ke a d ful y
l  fle es, c eve  y a lyi  a y l y rs pai . T e al es we  a
le a carb bl ck rix s te  wit e pi m t r ic es, t lly em
tit  er li . T also i  cc r a e wi h t e f gs por rait f H i III,
rece ly is v r  a  oc a e o H a ’ work i Fr ce [20]. In t eco gr up
f bj c rr s on i g t h  s li tic c g  1580s, t fl sh appear
l , t  pr eren f r re  l a e ai  re co n ts, a th ug t e use f re
l kes, f e , t be r le  . Yell ig e s, s c s lea  ti y ll w an  g -
, er so i e tif e , s l m ixe t az t .
e r s lt re c i  n T le 3 an  co r b ra e w t H lliar scr e  in hi
r a i e. L w i r  l w re e t ial he co me e  t u e f r
t r ti ; t e cas o a p e mp ex  e us f t e re co po e t, so ti es
xe w t s ll a nt f co e (a t  at at t s p ri  s uld b u st o
d ti  ellow [21,22]), s re uced, ere  or swa hy o e, mast co e  c re
shoul  b [15]. Si ila  mix es e a s d cri ed b  N r e, altho g  do  
no e he se of as icote [1]. Ad o a ly, ci t fic a ys s rev le th  r s e
v il o , ic a  iscou age by H l Nor a e t eir rea s  bu a
c sis ly e pl ed t  f es t e alyse .
e vol of e  w s bui up tart g th o rt bro s t
h  rs (Fig r 1); v r i s he pi r t  li  duri  h  Fre c
p r o , her s fr m t 1580 , p k ak  a  l ad ar  ferre . T e s par tio  li
t upper a lo  i  c i e f a re l k . T e r s lts c f rmed t was
ri te  Hi liar a  N r e s ri l   b s f th mouth ere , re
l , a d hite  [1,15]. Ver i  s i enti i  y c en ific yses s a
a io i m nt p e
T e y s r v st t ve l are : ash li es, th  e li f l , d t  
i n r. T  e el d y l s l y rac d w t  bl k r  l d
br pi m t, r b b g n rig d lly f d d. A nd, rk li cov-
t e fi st on d w s m e f carb n b ck wh t lo ks ik rganic b own pig-
men (F gur 2a);  t e r , con i pp t b ppli  only  
y l s  n i  f d (Fig r 2b . T n y xc i is  E.1 78-1988, 
r t  fi st l n s  c w th m rial. T p s n  f ela he is hown
o ly p tra f n unkno wo (P.8- 945), wh r d s  int d n e
l w r ey l (Figur 2b .
H l a d w t  th t t o es f t aci l fe tur s should be d awn by a fine p ncil
(t un to d s  b s ) w h a fa nt r s col ur mad  of  lak  [15]; this pr bably
cor espon s t  the b own l nes of ic rigi  e dur ng the analyses.  
Th eyes’ i ner corner, wh n vis ble, is painted with a red material, the composition 
of hich vari s for each mi iature.  
Tab  3. Min at res by Ni ol s Hilliard which h ve undergon  ech ical a d scientific examina-
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j ts t t  p t  i  Fr e ( . 4- , P.155-1910)  ortr t f a unk wn 
(E. 177-1988) s e  i i a ic . It  ar ct ri e b h w rke an  fully
ll  fle t s, ac eve  lyi  a lay rs f p i . T e a al ses s we  a 
le c rb n k rix s ter  wit e pi ment artic s, t ic lly e a-
ite  r li . T als i c a ce w h e fi s  a p trai  f H ri III
rec y d sc v r a  oc te o H ll ar ’ w k i Fr c [20]. I t e seco d group 
f bj s c rr s o i g o s i tic c i g he 1580s, e fl sh t n s app ar 
l , w  p re  f r r l he a  re c po e ts, alt o g t e use f red
l k s, o f ed, n t be r e t. Y ll w pig e t , s c s lead tin yell w an  go -
t , er so i tif e , l m ixe wi az it .
r lts are sc  T le 3 an  c r b a w  Hillia  d scri e  i  his 
t a se. Le d w it  r lea re i e t  ials h co m e   f r 
t e a i ; i t e case a p le p ex  he us  f t e co pone t, s eti es
xe  m ll am nt f as co e ( r ha at t s p r s o l b u ersto  
d ti ellow [21,22]), s r uce , ere  or  swa thy o e, astico a  chres
s o l  b a [15]. Si ilar mix es a  als scri ed b  N r ate, tho gh h do s
ot e th s of as o [1]. A i io ly, ci tific a ys s r v le t  r s ce 
v r il o ic a i c ra e by H lli Nor at t ei reatis  ut s
c st l pl e n e fles e  alyse .
T vol of e  w s bui up star g h o s t brow  li s p nt  
co r (Fi r 1); v r li is th m  p m t use o  t li  u i g th  Fre c
p r , er s fro t e 1580 , pi ak  r l d ar  f rre .  s p r tio  li e 
en pper a d low  i c iste a r k . T e e s lts co firm d t was 
r tte Hil ard an N r te, as t e eri   b s f t e mouth ere l k , r  
l , a d i e p gm [1,15]. Ver ili s i ntif  y scie if c yses s a  
add o  igm nt e .
The y s r nv stig   s v r are s: t  e elas li es, th eli f l , n  the 
r r. T  h a y i s lly r c d it  a bl ck r  il t d 
b w igm nt, babl r nic rigi  d p rti lly . A c n , rk li  cov-
the f st on n  s m e f c rb l k d what lo k  ik  org nic r w pig-
m ts (F gure 2 ); th l po rai , h s co i e pp r t  b  ppl d nl o t e 
y l sh  o the i fo d (Fig 2 . T e  excep i  is n E.1 78-1988, 
er  h fi st i s trac w t  ed t ial. T s n  y la h is hown 
o ly port t f u k w (P.8- 945), wh r do a  int d o t e 
lower y ash l (F gur 2b).
H l a d wr te th t t e o tl n f acial f tur  should be d awn by a fine pencil 
(t b un st d s  b s ) w h a fa nt ros  col ur de of  lak  [15]; th s probably 
corresp n s  th b own lin s f or a c rigi  see  dur ng the analyses.  
The eyes’ inner corner, wh  visible, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tab 3. Min at re by Nicholas Hi liar which h ve undergon  tech ical and sc entific examina-
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j s t e p t  i  Fr ce ( . 4- , P.155-1910) ortr  f a  unk own
(E. 177-1988) s i in t a icl . It i a te ise b h  w rke  an ful y
l fles t s, c iev by plyi  a l yer f p i . T e al ses howe  a
e d a c rb l ck trix s tter w t  re  pi m t r icl s, ypi lly ema
it r li . T s ls i c a ce with e f nd s  p trait f H ri III
rece t y is r d  ociate to Hillia d’ w rk i Fr c  [20]. I e s co group
f bj s c rr s o i g t li ic c i e 1580s, t flesh t n app a
l , i  f re f r re h a re  co p ts, alt g  t use f re
l k s, n fa ed, c t b  r e  . Y l w pigme t , s  s l a  tin y l w an  go -
, er  l o i tif e , s l m ixe i az rit .
r lt  a e sc Ta le 3 a  co r b at w at H lliar  scri  in hi
tr a e. Lea i and  lea re e t  t rial h  reco m n  t  f r
atio ; i e cas o a o plexi e us  f t r co one t, someti es
xe all a t f tico e ( ha at t s p ri s ul  b un e too
l d ti ello [21,22]), s uce , where  for swa t y o e, mastico c res
s oul  b  d e [15]. Si i ar m x e  al c i ed b  N r , a thoug do s
me t  s of ast co [1] Ad i io lly, c e tif c a ys rev aled t  r s e
v r il o , hic i cou a e by H l d Nor at  t ei rea ise bu
c is l mplo e fles s a yse .
T vol e of e  s bu u  star h t s t brown li s nt
t  c r  (Fi 1); v li i the mai  pi m e o  t li  d i g th  Fr c  
p r o , er s from t e 1580 , p k ak s   l d ar  f rr . T e s par tio  li
et ee er a low  i c i te f a r . T e r s lts co firm d at was
r t Hil ar an N , s h mate i l o b s f r t  mouth ere k , re
le , a d h te gm [1,15]. Ver lio  s nti i d y c en if c nalyses s  
i o  pigm nt t.  
T e y wer v ti t d s veral are : e as li s, the e el d f l , n  
i rn r. Th  s y lid l r l y r c t  a bl ck r  lut
b igm t, r bably of n rigi   p rti l y d. A s , rk li  c v-
e the f on s m e f arb l k a what looks lik  org ic brown pig-
m s (F gu e 2 ); o th ai cond i p r  t b  applied onl  o  the
y l sh n  y i fo d (Fig 2b). T e on  exc i  i   E.1178-1988,
re t f st l s t ac d w  r terial. T p s e f ela h is hown
o ly h p rtr t f a u kn w ma (P.8- 945), wh r  d ts  p int d n the
low  y sh l (Figur 2b).
Hillia d w te th t t  ou l ne  f cial f tur should be dra  b a fine p nci  
(to b un e st d  b us ) w h a fa nt r se colour ade of a lake [15]; th s probably 
or esp n s  th brown l n f g c origi  se during the analyses.  
Th yes’ i ne  corner, wh n vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iature.  
Tab 3. Min at re by Ni ol s Hi l ar  which have undergone ech ical a d sc entific examina-
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obj cts t p i t i Fr e ( 4- , P.155-1910) rt ait f a u k own
(E.1177-1988) i  in is arti l . It  c ar ct s by i ly w rk  nd fully
del fle es, ch v y ply g a  l y rs f i t. T e al ses sh we  a
le  i a c rb l ck rix s ter w t r  igm t rtic s, typically he a
tit ver li . T i l in a c r a ce w t  the fi gs  p rtrait f H nri III, 
rece tly is v e a  s ciate  to H llia ’ work i Fr c  [20]. In t e s c  group
f jects, c rr s o g his yli tic c a ri  1580s, t fles  ton s app
al , it a e re  f e l as h  a re omp ts, alt o g  t e use f re
l k s, fa e , a t be r e . Y ll w i e , s c  s ead tin y ll w  g -
i e, r  ls f e , l m ixe i az rit . 
r l s re sc   Ta le 3 n c r ate h  H lliar  scrib d i  his
r a is . L ad it l a t  rial h  r c mm n  to e fo
ti ; t e cas a p omplex o  e us  f t e r d co ponent, so e i es
ixe  i  m l am t f m st co e ( t  that at t i  peri  s ul  be un rstoo  
l d in ello [21 22]), s r uced, ere  r s a hy o e, ma ticote n chres
s o l b  d d [15]. Simila x u es a als de cri  by N r at , ltho g  he oes
o   of mas ico [1] Ad o ally, sc f c a ys r v aled t e pres nce
v rm l o , ic w s i c age H l a Nor at  i th ir reatises b t
s st ly emp o e t  fles o es a yse .  
T e vol e f e o w s built up tarti g h t o s o t brow li s p int
at  cor r  (F gure 1); v rmi i i  he mai p e t e f r t e li  uring th  F nch 
p ri , er s r m t e 1580 , p  ak  a d  l ad ar  r f rr . The separati  li e
t n u p r a o r i c ste  f a r ak . T es r s lts co firmed w t was
r t  liar n N r e  s t ma ria s to b  s  fo  t  mout were k , red 
l , a d h te i m [1,15]. Ver ili  w s e tifi  by c e if c analyses as a  
a di io al i m t p s t.
s w r v t ga d  v r l re :  e ash lines, the lid fol , and the
i r c r r. Th s  y li l w r r l y c it   bl ck r a ilut d 
br igm , r ably f g n or gi rti lly d . A s n , ark r li e cov-
d t f t nd  m d f arbon bl ck an w at lo ks like organic brown pig-
m s (F gur 2 );  t a r raits, co d i pp ar t  be appl ed onl  o  the
y l sh  t ey id fo d (Figur  2b . T e ly xceptio  is on E.1178-1988,
t e fi st i es tr c d w t  d terial. T  se ce f ey lash is hown 
o ly  p rt t f u k wom (P.8-1945), wh re d t  paint d the
lo y l sh l (F gur 2b).
H l a d wr te tha th  tlines f th  f ci l featur s sh uld be aw  b  a fine pencil 
(to  under t d  b ush) with a f int r s lour m de of  lake [15]; this probably 
or sponds t  b ow l ne of or an c origi  seen during the analyses.  
Th yes’ i ne  corner, wh n vis ble, i  pai ted wi h a red material, the composition 
of hich varies for each miniature.  
Tab 3. Mi a ure by Ni ol s Hill ard which h ve undergon  ech ical a d sc entific examina-
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obj c s t p te i  Fr e (P 154-19 0, P.155-1910)  rtr it f a  unknown
(E. 177-1988) t i  n is ar ic . It is ar ct s by w rk a  f lly
el f es t es, c eve y a ly g m  lay r  f pai . T e lys s sho e  a
le d i a carb ck trix s tere  w t  r igm t p rtic s, typi ally hema
it v r ili . T s s als  in cco a ce wit the fi i gs  a portrait f H nri III,
ec y is v e a  s ciate to Hil i r ’ w rk in Fr ce [20]. In the eco group
f je ts, c r s g t s istic c a ge ri t  1580s, t e flesh t s appea
le, it a efere f r l a a  ai  re comp s, a t g  t e us  of re
l k s, fa e , ca n t e r le . Ye l w i e , s c  s lead ti y ll an  go -
, er lso i f e , s l m ixe it az rit . 
e r s l re d sc in Tabl 3 n  o r b a e wh  H lliard scribed in his
r at s . L a  w i d r  l a r  e t  rial  co m n d to u fo
t  r ti ; i  t cas  o a p e c mplex  us f t e red c ponent, so etim s
ixe t s ll a nt f tico e (a t  hat at t s peri  s ul  under too
l d in ello [21 22]), s re uced, er  for s ar y ne, mastico n oc re
s o l b  [15]. S mila m xt es are a d cri e  by Nor , althoug  he oe
no  h  of astico [1]. Ad o ally, ci t fic alys  rev le  t  pr sence
v r il o , i  w  i co r ge y H l i Norg te their reat ses bu
s s l mplo e fles one alyse .  
T e vol e f e  was b l up tart g th t o t brow li  p i t d
at  cor r (Figur 1); ve mi i  h pi m t r t  lip  duri g th  French
p r , r s r m t 1580 , p k lak s  l d ar  referre . The s par ti  line
t  p r lo r  c i te  o  a re  ak . Thes r sults co firme t w s
ri t Hi liar a d N e  as t  mat ria  o b s f  t mouth were k , red
l , a  i e igm [1,15]. Ve i i n w s i e tif  by c e tific analyses as a
a ditio nt s
e s w r  nv tig t  v r l a e : ash li s, th  lid fol , a d the
c n r. T e  ey li l s r e r l y c d wit  bl ck r a ilu ed
b o i m t, l n ori i d p rti lly fad d. A s , dark r li e cov-
r   fi t d s m e f carbon l ck n  what looks like organic brown pig-
s (F gure 2 );  t p r it , e co i  pp a t  be ppli d onl   
l s t e e eli  fold (Fi re 2b). The n  xc ti  is on E.1178-1988,
w fi st es r t c d w th  m t rial. T pr senc  f e ela h  is shown
o ly  p t f unk wom n (P.8-1945), where d ts re painted n the
l e eye h l (F gur 2b .
H l a d w ot  that th  o tli es f t ci l features should be d aw  b a fine pencil
(t  unde t d   b us ) with a f int r s lour ade of a lake [15]; this pr bably
cor sp ds to t b ow l n s of or an c origin see  during the analyses.  
Th eyes’ i ner corner, wh n vis ble, is painted with a red material, the composition 
of hich vari s for each miniature.  
Tab 3. Mi a res by Ni ol s Hi l ar  which h ve undergon  ech ical a d scientific examina-
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o j c s t a e t  i Fr e ( . 4- , P.155-1910)  portr it f a  unknown
ma  (E. 177-1988) tu i  n is arti . It har ct r  by ighly work  an  fully
dell f e to es, c ev y ply  ma y lay rs f i t. The analys s showed a
e e c rb l ck rix s ter wit pigm t artic s, typi ally hema
ite  v l . T ls i a c a c wit the fi i gs  a ortrait f H nri III,
c t y isc ve e  a  ss c ate  to H d’ w rk in Fr c [20]. In th con group
f jec s c r s i g h  li tic c g ri  he 1580s, t flesh t nes appe
l , wit a re f r re l he ai  re comp ts, alt gh the us  of re
l k s, a e , a n t b r e t. Y low pigme s, s h s lead tin y llow and go -
, er lso i tif e , l  ixe  it azur t . 
r l s re d sc   T l 3 a  o r b a wh  Hilliard scribed in hi
t a i . Lea i d lea w r t  m t ials  ecomme  to  for
ca i n; t  case f a p mplex  he us  f t e r d co pon t, sometim s
ixe ll am un  f a co e ( term ha at t  peri s ould b  und rstoo
d i llo [21,22]), s r uced, ere  or swart y one, ma ticote nd ochres
s oul b ad [15]. S ilar mixtu es a  a s  d s ri e  by N r t , altho g  he oe
t use of masticot [1] Add tio ally, c tific a ys s rev le  th  pr sence
v ilio , i  w  i co ra e by Hil i d N rgat  their reat ses bu
si l plo e i t e fles t e lyse .   
T e vol e f e  w s b up sta t g h two s rt brow  li e  painted
at c r (F g r  1); v i i  the m i m t us  f  t e lips uring th  French
p r , h r s fr m t e 1580 , pi k ak  r l ad ar  r f rre . T e p tion lin
n p r lo r li  c t a r ak . These r sults co firmed hat w s
r t Hil iar a d N e, as t ma ria  to s f t m uth were ak , red 
l , a d e pigm  [1,15]. Ve i i n s i ntifi d by scie tific n ys s as a
d ti l i m nt se .
T y s w r  v tig t  ve  ar s: th  e elash lin s, the lid fold, and the 
n r. T y i l s w r r lly c d with bl ck r a iluted 
br w i m t, r b b f rganic rigi parti lly fa d. A s cond, darker li e cov-
d fi st n was m f arbon l k and what lo ks like organic brown pig-
m nts (F gu 2 ); t  r it , t con i app ar to be ppl ed only on the 
y l h n t eye i  fold (Figu  2b . T e ly xcepti  is on E.1178-1988,
r  h f st s tr c wit  d m t rial. T r sence of eyela hes is show  
ly p t f u k ow wom n (P.8-1945), wher d ts re ainted n the
low y sh l (F gur 2b .
Hil i d wr t th t t o tl n s f t aci l fe tur  should be drawn by a fine pencil 
(t under t d as  b s ) with a fa nt ros  colour made of  lake [15]; this pr bably
or es ds o th b own lin  of or anic origi  see  during the analyses.  
The y s’ inne  corner, wh n visible, i  pai ted wi h a red material, the composition 
of hich vari s for each miniature.  
Tabl  3. Min at re by Nichol s Hi l ar  which h ve undergon  tech ical and sc entific examina-
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obj cts that p i t  in F ce P. 54-1910, P.155-19 0) a portrai of an unk
man (E.1177-1988) s udied i t s a tic . It is r s d b i y wo k f y
mode l d fles to s, c ieve  y a plyi g any l yers o pa t. T e a alys s s e a
ead w i a  carb n bl ck trix sca t r d w  r  p t p rt cle , t p ly he
ite and v rm ion. T i  is also i  c a c th f n gs o por it f H r III,
rec ntly discov re  a  s ci o Hi iar ’s rk Fr nc  [20]. I s co up
of objects, corr pond ng to is styl s c c a e ur n t e 1580s, t fl s t e p e
ale, with  pr fere  for r  a as e i r  co po ts, oug th  us  of r
lakes, o  f ded, ca ot b rule t. Yel w ig n s, suc  as d ti  ye n  g -
it , re al  entifi d, s l om mixe ith azur te.
The re ults r  descr bed i Table 3 a c rr b te t Hilli r  e ribe i
treatise. L ad hit  an r le d w r  e  th m er als r c t s f r
t e car atio ; i  t e cas of pale co pl x the use of e re c p e t, e
mixed w h a s all a nt of mas cote (a er  t a a hi p r b e s o
as lead tin yellow [21,22]), as reduc , wh reas fo a wa th  , ast co a oc
should be added [15]. Sim r ixtures re al o s ri e by N g t , lt ou  e o s
not me n he se of as icote [1]. A t o ally, cie f a l es revea ed h  res e
of vermilio , whi h a isc ura d b H lli rd a No ga  i  t eir r atises as 
consist n ly mployed i t  fl s  t es a yse . 
Th volume f t e mo th s bu lt up st r i w h t s o t br es te
t the corn rs (Figu 1); v mil n i t e mai  i e s f t  i ri  h e c
period, wh reas fr m th 1580s, pi k lak s a  r  lead ar  r f rr .  s p r tio  li
betwee  u er a  lo r i co s e of a re  ake. Th e res l s c f  wha  was 
written by Hilliard an  N rg e,  he mate i ls e se for e out ere l e, r
lea , a d a wh e nt [1,15]. Ver lio as i e t f e  sc e ific a alyses s 
addi ional pigm t pr s t.  
T e y s w re i vestig te i s v l reas: l li es, i f ,
inn  cor er. T e eye ash d ey lid i s w g y ac d ith  bl ck  ilu  
brown pigm , prob bly of ga ic rigi d i l y fa . A c n , da k r i  c v-
ered the fi st one a d w  ma e f carbo b c t ks like g ic br pig-
ments (F gure 2a); n th lat r ortr its, s c li  pp  ppl d nl on
eyelash lin  a  n  n  yeli  f ld (Fi ur  2 ). T e n x pt i E. 78- 988,
where the first l n s  r c d wi a red mat . Th p en e of ey a is sh
only on th  p rtrait f a unkn wo a P.8-1945), w r d  pai t d the
l w r eyel h line (Figur  2b).
Hilliard wrot  that e u li s f th  faci l f atu es sho l b n by fine p c
(to be und stood a  a brush) wit  a fain ros  colour m d of a l k [15]; this p bably
corr sponds to t e brown lines of g c origi  se n duri g th analy s. 
The eyes’ inner corner, w  v sible, is painted with red mater al, the compositi n 
of which varies for each mi iature.  
Table 3. Miniatures by Nicholas Hi liard which have undergone technic l and scientific ex min -
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je ts that e paint  n Fra e P. 54-19 0, P. 5-1910) a p r ra  of a u k n
n (E.1177-1988) u  i  s i l . It is c ar t ris d b i d f lly
o le  flesh es, c eve y a plyin  a y l ye  of ai . T  a alys s showe
w i  carb black t x sc t r t p m p rt les, ly ma
ite n  v r li . T is lso in c a c t th fin s o a por it f H i III,
r c tly scov r   s oc a t H ar ’s w k  Fr ce [20]. I s c roup
f bj , c rr spon i g to is st i ic ch ri g e 1580s e f s t e p e
ale, it a pr fere e f r re  a  s a  co o t , al o g  h  s  of r
l k s, o fad d, a n  b r . Ye l igm ts, suc  as l d ti y an go -
it , r s  i en fied, l x z i e. 
T r s lts r desc ibe Ta l 3  c r e t H l e c ibed i i
rea ise. Le hi  a  l a ere ee t r als m  t u f
t  car io ;  cas f a p e c p x n t  use f re c p e t et e
xe i  a m l  a t of a ote ( e a t t b s
a ti  ye low [21,22]), a r d c , where a war  , asticot a  c r
sho ld b add [15]. Simi r ix r s ar ls scri y N rgat , lt  o
ot me ti t e se f ast c te [1]. A tio lly, c e t f a s ve d th  e ce
of v rm lio , which a  isc urag d b H llia a  Norg  i t eir r atise as
ist ly pl y d n t  f t e  al e .
T e volu f t e th as bu lt up st r th t s o t bro li s p t
t  co er (Fi e 1); ver il on t e m  pi m us d t  ip rin the Fr c
p r o , h r s fr m t 1580s, p k k s r l a  ar f r e . T tio  li
t  up r d lo r i  co s st  f a e ak . T e res l s c f r w  was 
ri te y Hill rd N te, s the a eri ls b s f e out  a e, r
lea , d a w e m  [1,15]. Ver li s i e t f y sc e if c an y es s a  
add io al igm nt p s t.  
T e y s  i v tiga d i  v l ar : t l s i , e i f d, n h  
n  c . T e y l s  d yel d li s g a ly c   l k   ilut d 
b w pigm nt, prob bl f i ri  parti l y a . A c d, da ke l c v
the fir t o and as m f carbon bla k n hat o k lik rg ic r  pig-
m t (F gur 2 );  e l r r i c li  p pl  nl o t
yel sh d t n  y i fold (Fi u 2 . T only x p o i n E. 78- 988,
r e fi st l ne ar trac d w  ed a . Th p se e f ey ash is h
only the portr t f u k w wo P.8-1945), w r d t int n the
low r yel sh l e (Figu  2b).
H l ard wr te th t e o tlin s f t fac al f t s h d ra n by a fi  p nci
(to b  und stood as a br s ) with a fain  ros  colour m d  of  l k [15]; thi  p bably
corr sponds to th b wn lines of or a ic origi  n duri g t  analy es.
The eyes’ inner corn r, w e  v sible, is painted with red ter al, the composition 
of which varies for each miniature.  
Tabl  3. Miniatur s b  Nicholas Hilliard w ich h v un ergon  tech ic l an  scientific examin -
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j s that  pai te   Fr ce P. 4-19 0, P.155-19 0) a po tr of a k
 (E.1177-1988) s  t ic e. It i ar t is d b h d f lly
o le  flesh t es, ac ve  y a plyi  a y l yer o a . T  a yses s o e  
l d hi carb bl ck t x att re  re m t rt , t p ly ema-
tite n i n. T  also i c a c h fin gs o po tr it of H i II,
c t y isc v r  ocia o Hi ar ’ w k Fr [20]. I s c u
f bj s, c r spo g to st i t c c r 1580s, t fl s  t e p ar
al , ith pr fere f r re  a as  co o t , l oug u  of r  
lak s, o faded, ca n  b r l . Y l ig , s c  as l ad ti y l n go -
it , r ls  i en if ed, l om x ith azurite.
r s lts r d sc b n Ta l 3 a  r e  Hi li cri ed i hi
r tise. Lea it a  l a w re i ee t al m t f
t e ca a io ; i t e cas  f a pal  co plex h  us f e re c e t, met es
ixe  it all a t of a ti ote ( e a t t s p r  s b rs o
l ti  e l w [21,22]),  uc , wh eas fo a a , ast co e a  c re
s oul  b add d [15]. S mi ar x s re ls scri y Nor , t u  e o s
o me t e se f ast co e [1]. A tio ally, c e f s s r ve h r s ce
 v rmilio , whi h as i c urag by H li r  a  N r e  their reatise b as 
c s ly empl y n  f s t e a se .
The vol of th  t as bu l u st w th t s t br t
t co (Fi 1); ve l o i t m  i e  us d r t  ip rin the Fre c
p r o , h r s fr m 1580s, p k ak s r  l ad ar f r . T e s tion li
t  up r  lo r i  co st f a  a e. T e resul s co f e a  w s
wr tt by Hill r  N , s th a e ia s b  se f e u ere l e, r
lea , w e pi m [1,15]. Verm li s i e t f e  y scie tif c lyses s a
ad i io  pigm t p t  
The y s re v s ig v  ar : i , i f d, a d h
i  c n r. T  y s d y l s r a y c  wit  l ck   ilu e  
br w igm n , prob bl  o a ic g  i y a . A s c , da k  l n c v
 th fi t o  a  s m  f carbon b n h t o ks ik rg ic br pig-
m t (F gure 2 ); t t it s c i e p t b p d nl on h
ye h lin   n  ye f ld (Fi 2b) T xc t i E. 78- 988,
r h fi t l t ac d i h  ter . T se e f e a h is h
nly o th p rt a t f u k w a (P.8-1945), w r  d t  are p in d o  the
lowe  yelash l e (F gur 2b).
H ll ard w ote th t he outlin s f t e ac al f t e  sh l b r n by  fine p nc
(t b  und sto d as a b us ) wit  a fain ros  c lour ad of a l k [15]; thi  p ob bly 
corr sponds  th b n lin  of orga ic o igi  n duri g t analy s. 
Th eyes’ inner corn r, w  v sible, is painted with red terial, the composition 
of which vari s for each mi iature.  
Table 3. Min atur s by Nicholas Hilliard which have n ergone tech ic l and scientific ex min -
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jec s t at p i t   F e . 4- , P. 55-19 0) p rtr of a k
 (E.1177-1988) t i i t r ic . It ar i b  i l  rk f lly
l  fl sh to s, c ve y pplyi  a y laye  of . T  a a y es sh e
e  i  car bl ck x s t r d e m art cl , c ly ma
tite n ion. T i  s ls  i a c wi h th fi s o por r it f H i II,
c t y isc v r  o ia o Hi iar ’s w k in Fr c [20]. I s co roup
f obje s, cor sp i g o st l t c a ri g t 1580s, t e f h t e ea
l , it  a p f re f r e  s he ai  r  co t , l o g t  of r  
l k s, o f ded, ca n  b r e . Y l w i t , s c  as ea i y an  g -
, wer lso t f e , l o ix  zuri . 
Th r lts sc e Ta l 3 c r te a Hilli r sc i ed i h
r ise. Lea hi re a wer ee te als  r to e f r
t e ca io ; i  cas a p  compl x n th  us  f r co po ent, t e
ixe  i  a s l a u t of a i o e (  e  a at t is p r l  b sto
as le ti ellow [21,22]), as d c d, wh reas fo a s a h  , as ico e a  c r
s oul  b ad d [15]. Simi ar ixt s  ls s i by N r a , lt ou  e o s
o me i e us of as co [1] A t o l y, c e f a a s r v a h r ce
v r o , whi  i c urag by Hi liar a  Nor  t eir r atis  ut as 
c s st tl mpl y in t e fl s t e  a y e .
The volu of t e m s bu l up t i g w h t s t bro li s t
t co (Figu 1); ver li i t e a m used fo t  lip rin th F ch
o , her as from 1580 , pi k s re l a  ar f r e . e pa atio li
t e  u r a  o r co si e f a  lake. T e e res l s co f me  w s
wri t n y Hill ar  N a , s t a e i ls b  s f e u  e, re
l , a d  w e  [1,15]. Ver ili s e t f ed y scie ific nalys s s
ad tion l p m t p t  
T ey s were v s ig d i v l r a : h ey las li , e e i f d, nd he
 c r r. T  y s y l d  w r ra ly c  wit  bl k   ilu e  
br  igm t, p b b of ga ic gi  p rti y fa . A c nd, da k li e c v
d th fi st o a  w  mad f ca bo l n t k ik rg ic br w pig-
m (F gure 2 ); n t tr it  c li t b ppl  l o  t e
ye h nd t  t ye id f ld (Fi  2 ) T e xc t i  n E. 7 - 988,
w h  t l s c i  r mat l. T s c of e h s h
ly n th p rtra t f a u kn wo P.8-1945), w re d ts  p in d the
lo e  y l s l (Figur 2b).
H ll ard w te th t h  u lin s of t acial f t  h u r n y fine p nc
(t b  und rst d a  a brus ) wit  a fai ros  c lour d of  l k [15]; this p b bly 
corr sp nds o th b n lin  of orga ic o igi  s en du ing analys s.
Th eyes’ ner corn r, w en v sible, is painted wi h red material, the composition 
of which vari s for each mi iature. 
Table 3. Miniat r b  Nicholas Hi liar  w ich hav  n ergone tech ic l and sc entific ex mina-
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obj ts t t e pai n Fra 4- , P. 5-1910)   portra f a  u kn n
 (E.1177-1988) t i i rtic . I c ar t ed by ighl rk  f lly
 flesh ton s, ac ev  p ly  a y l ye s of p i . T  a alyses sho e  a
d a c rb n ck r x t r r me t r icl s, t p lly em
tit   v r ili n. T is is lso i a c t fi s p r rai f H i II,
rec tl i ov r  d o a e to Hi ar ’s w k i Fr  [20]. I e s co roup
f objects, c r sp g o is s y tic a ri g 1580s e f s to e app
l , i p f re f r r l  s a r , hou u  f r
l k s fa d, ca t r e . Y l w pig s, s  as e ti y l  g -
i , e also e fie , l o e z r .
Th  r lts esc i e Ta 3 r b te w t H lli s i d i hi
r tise. L hi nd r a r ee  t r ls r co me s f r
r i ; i t e cas a p e c l x t  s  f t e r c p ent, eti e
mixe w  sm l am nt of s o e ( a t is pe l  rst
a ti e low [21 22]), as r d, r fo ar y n , as i o a  c r
ul be [15]. S l m x res s  s i d b  N rgat , ltho g o s
ot m t e f as e [1] A t o l y, c fi a a y r v  r e
v rmi o i h a  i c b  H lia  a N r t i t eir reatis u  as 
co s te ly e pl y i t fle o es al e .
T e volum of t e o s b ilt up t r i w tw  o t brow  li s t
t  co s (Figur 1); ver i i  t a pi m f  lip uri  th  F e c
i , h s r m t 1580 , p s e a ar f r e . e p tio lin
tw r d o r ip c si t d a ake. T e  r s lts co fi  wh w s
wri te  y Hi ar a N e the a e l t f ou r a e, r
le h e gme [1,15]. Ver li s i ti d y c e tific a yses s
o l i t p t  
T y  i v st ga  i ve l r a : i s, the eye i f , 
r r. Th  ey l s  l d i s r ral y t ac t  a bl ck  il
b  pigm , p o b f c gi p rti l y f d d. A , d rk  l v
d the fi t  d w  m f c rb b k n hat l k like org ic b ow  pig-
m n (F gur 2 ); r p t it , lin pp b pp  l
y l sh e  f d (F 2 ). T l  xc pt i on E. 78- 988,
h r s tr c d w  d mat l. Th pr s nc ey la h s show
o ly n  p rtr t f n unk w a (P.8-1945), her d t re inted n the
l r y l h l (F gur 2b).
H l ard r t  that t  l es f t f ci l fe t h d awn y a fine p ncil
(to  und t d  b s ) wit  a f in r s lour mad of  l k  [15]; thi  pr b bly 
cor sponds to t b w l n of or a c o ig  en du i g analyses.  
Th eyes’ ner corn r, when vis ble, is painted wi h red material, the composition 
of hich varies for each mi iatur .  
T ble 3. Mi i ur b  Ni ol s Hilliard w ich h v u erg n ech ic l a d sc entific examina-
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bj s t e pa e Fr P. 4-19 0, P. 5-1910) or r i of a kn w
 (E. 177-1988) t di i s r ic . It is c ar t ri d b i ly w rk d d fully
o le  l s o s, c iev b a ly  a y la r  of a t. T e a a yses sho e  a
d  carb n b ck x s t r d r p g e t p r icles, ypi lly hem
tite nd ion. T lso i a c w he fin s p rtrait f H i III,
rec t y s v r   s oc a e to Hi a ’ w rk i  Fr c [20]. I  s co r p
f jec , c r s o i  to s stic c a ri g 1580s t fl s to e app
l , i h pr fere  f r re a i r po t , a t o g  he us  f r  
k , fa e , ca t b r e . Ye l w igm t , s  s le d tin y l an  go -
, r so i e f e , l o x t zur t . 
h  r ults sc ib Tabl 3  r b a e w H li  cri e  in hi
ti e. L  it nd r l a r ee l c m  t s f r
e i ; i t  cas f p c x  us of re c p nent eti
x all a o nt of st o e (a  t t s i  l b  u rst
l i ye l w [21,22]), r c , re fo swa y n , astico e a  c re
ou  d [15]. S i ar ix es r s sc i e by Nor te, lthoug e o s
ot me t s f ast t [1]. A t o l y, c t f a al s r v  th  pr e
v r i o , w ic  di c by H a  N r at  t eir reatise as 
co s tly e pl e in t f t es al e .
T e vol of t o as bu l  up tar  w t br wn li s i t
co (F u 1); ver i o i t a p me s for  ip ri  th  Fr c
p , h s fr m t 1580s, p l k e l a ar f rre . e p tio  lin
t e er  lo r i  co ist d a e k . T r s lts co fi e ha  was
wr te  by H ar a  N a   th a e ial f ut r e, r
l , a h e m  [1,15]. Ver li s i ti d by cie if c a yses s 
a d on i m t
T y s v s g t v r : i es, h l d f d, nd
rn r. T h s w r g l y ac i  bl k   ilu
brow  igm , ro b f c ig d pa ti ly f d. A s d, ark  l c v
r d h fi t  nd s m f c rb b k hat l k ike rg ic brow  pig-
m (F gur 2 ); e  r i , t i p  be p  ly o
y h  an n el  f ld (Fi ure 2 ) T  xcept i on E. 78- 988,
w re h fir t tr c d   d m a . T r nc  f y la he s how
ly p rt it f u k w w a (P.8-1945), wh re d ts  aint d n the
l w  ey h li (F g 2b).
H l rd r t that l s f t c l f t h d b d a n by a fine p nci
(t  und t d   b s ) with f in r s colour ade of  l k  [15]; thi  probably 
cor sponds t th b l es of or a c orig  en duri g t e analyses. 
Th eyes’ i ner corn r, w  v s bl , is painted with red material, the composition 
of hich vari s for each mi iatur .  
T b e 3. Min tur s b  Ni ol s Hill rd w ich h v n ergon  ech ic l a d scientific examina-
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obj ts t a e p  Fr . 4- , P.155-1910) po r i f a  kn w
 (E. 177-1988) u is r ic . It har t ri e b highl  d  f lly
l  fl sh o s, c ev y lyin  a y la s of . T a a ses s o e  a
d w carb n l ck a x s tt e r p nt rticl s, typic lly hema-
ite a  i n. T s als i c a w h  find gs p rtrait f H i II,
c s v r  o a e  to Hi a ’ w k i Fr c  [20]. I t sec group
f jec c r s o  o st stic a i g 1580s, fl sh t e  app r
l , i p f re c f r re l h a c p t , alt  he u  of re  
kes, f ed, ca t b r e . Y l w ig ts, s  as lead ti y ll a g e-
e, er so i if e , l om x t azuri . 
h r lts sc Ta l 3  r b a w  Hi lia scrib  in hi
ti e. L a hi nd e  er ee l re o me  t use f
t a i ; cas f a pa  c pl x us f r c po ent, s meti s
x t l am f a t o e ( r t t t  s l  u rs oo
i ye low [21,22]), s c d, h r for a wa t y , asticote a  oc e
s ou b a [15]. S milar mix s r ls  s i  N r t , lthoug  e o s
n e t s of ast cot [1] A tionally, c e t f a s r v a  pr ce
f vermi o , w  as i courag by H a Norg  t eir reatise  t as 
c s tl pl e t fl s al se . 
T e vol m f t  m h s bui up tart t s t brow  li s t
t o (Fi ur 1); ve ili i  t ma pi me use fo t lip urin  th  Fre c
, h r s fr m t 1580 , p k s re l ad ar f rr . e s io li
 er  lo r  co ist d f a ak . T e e res l s confi hat was
wr te y H l ard a N a , s th a e b  f he ou ere l ke, r
l , d a w e m  [1,15]. Vermilio s i tif y sc e tif c yses s  
a di o l t
Th y e v st g  eve l are : t e i e , t ey i f , nd h
 rn . T l s w r  r lly t c  it  la k  ilut
br  igm , abl of ic igi  p t y f ded. A s c , d rke  l c v
e d fi t o  a s m f ca bo k d ha l k ik rg ic b n pig-
m n (F gure 2 ); th p t co in p  t b pp i nl on the
ye sh a t d fold (Fi ur 2 ) T  l xc pt  is on E. 78- 988,
w r he t l trac d m ia . T r s c  f y a h s sh wn
o ly port t f n u k w a (P.8-1945), wher d t are ainted on the 
lo e ye a h l (F g r  2b).
H l d wr te th t e n f t acial f t sh ul b dr wn y  fine pencil
(t b und rst d a  a b s ) wit   f ros  c lour made of a l k  [15]; thi  prob bly 
cor sp ds t th b li  of or a ic o ig  en du ing analyses. 
Th eyes’ ner corn r, w n v sibl , is painted wi h red material, the composition 
of which vari s for each mi iature.  
T b e 3. Min t r by Nicholas Hi li rd which h ve n ergon  tech ic l and sc entific examina-
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bj s t a e p i t  Fr c  ( . 4- , P. 5-1910) a po tr it f a kn wn
a (E. 177-1988) t s r ic . It char cterise b i hl k d d lly
o ell fl to s, c v y lyin  a y la e s of t. T e na ys s sho e  
d c rb ck a x s t r p gm rticl s, pic lly hema
ite a m l n. T s ls i c a wit e find gs n p trait of H i II,
r c is r  o ia e o Hi lia ’ w k i Fr c [20]. I t e s c group
f je c r s o i t is ic a in t e 1580s fl sh t e app
l , a f re f r re a h a  e  p e t , alt o g  th u  of re  
k s f e , ca t b e . Y low ig e , s  as e d ti yel  an  g -
t , er lso f e , l om ix it z r t .  
h  r ults a sc i Tabl 3 c rr a h t lli cribed in hi
se. Le i  r l a er ee at ial o m e t  se f r
io ; i cas f a pl x n  use f e r d c ponent, meti
x  a a of i o e (   at s r  l  u r o
l ti ello [21,22]), c d, h eas fo wa ne, mas icote and oc r
oul b d e [15]. S i ar ix u s s  s ibe by N r , lt oug  e o s
n e t t  e of as c t [1]. A lly, ci f c a a s s r v l d th  p ce
verm o , w ch a i c ur g  by H lli r a N r   t ir reatise b as 
c is l mp e e f s a y ed.
T e vol f e was bu up tar g  tw s t brow  li s ai t
cor  (Fi u 1); v ili i t mai  pi m t se fo  i  ring th  F c
r , h r s fr m 1580s, pi  e l ad ar p f rr . e pa ion li
e r o r i  co ist f a  ak . T ese r s l s co fi me a  was
wr tten y H ar a N a t e l be s f  h u wer  ke, red
le a d m  [1,15]. Ver ilio  w s i tif by cie tif c lyses s 
a it o al t t
T y r v stig d v a  re : l li e , th e i f d, nd h
c r. Th  s y l d l s w r ral y t c i  bl ck r  ilu
br w igm , r b bl c igi  pa t y d. A se nd, ark  line c v
 fi st o  m e f arb d hat lo ks ik rg ic brown pig-
m (F gu 2 ); l  t th nd i p  b pp i  only on the
y an t t l d fo d (Fi re 2b) T xc t i  on E. 178- 988,
w r h r l s t c r  ate a . T  s ce f la h is show
nly h p rtr it f u kn w w a (P.8-1945), where d t re pain ed the
lo e  y l s l (Fig 2b).
Hilli d t th t h u in s f t e acial f t es h u d be ra n y a fine p nci
(t  b un r t d  b us ) w h f nt r s  c lour ade of a lake [15]; this prob bly 
or sp n s t th b n l n of orga c igi  e du ing analyses. 
Th y s’ ne  corn r, w n v s ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iature.  
Table 3. Min t r b  Ni ol s Hi l ar w ich have n ergone ech ical a d sc entific examina-














































 Lead white       
Vermilion      
Hematite      
Red lead       
Lead tin yellow I      
Hematite
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bjects th t e p i te  i  Fra ce (P. 54-1910, P. 5-19 0) a po tra t f a k o  
an (E.1177-1988) s u i i t is r ic . It is cteris b i l rk d a  ul y
delled fl sh t es, ac ev by a plyin any l ye s  p i . Th  an ys  h w  
ead w i c b n bl ck at x c r  p g e p rt c , t ly h ma
ite a  v rmili . T s is als i  c r nc w  t f g o r  f H II
rec ntly d sco er   s ia t  Hi ard’s rk in F [20]. I  sec d gr u  
of object , c r o g o his st listic a g ng 1580s  t f s  o e p e r 
al , ith  pr fe e e for red l ad a h  a n r  o ents, ou  h   f r d 
lak s, ow f e , ca ot b r led ut. Y llow pig e ts, s  a e ti y l w  g -
, w r s  ti i , l o zur  
e results escr bed  ab 3 r bor t  wh t l i r c i  i  
treati e. Le hite an  red ad we i e e als r c m t f r
t car i ; i t  cas  p le co plexi n se f ed c p e t e i  
x d wi  a s ll nt of as c t  (a t r t a t s peri s o l b  u t  
lea  ti ellow [21,22]), a  redu , h r  f  swar ,  c  
sho l  be added [15]. Si l r x r s ls  es ibe by N rg t , t g   
 m i  t e us f mas ic te [1]. A i n lly, cie f c a a es r vea   e
of vermi o hi h as i c urag d by H ll ar  N rg e i  h i re is b  
consisten ly ployed n t  fl s to es aly .  
 volu f t e m ut  as b lt u t r i it s o t bro  es p i te  
t t  s (Fig re 1); ve il o  i  i  pi e s fo  t e l  r the F e c  
rio , whe s fro  th 1580s, pi s a r lea   pref r e . T t o l  
t ee u per a d lo r i  co s sted f ake. T  esults co f  w  w s
writ en b  illi r  a d N ga e, s h ter l b  us f  t e u  a e, re  
l ad, a d a wh e m t [1,15]. Ve li  was i e  sc tif c lyse s a
add i al pigm t pr t. 
T e y s were i ves i ed i  v l r s: e li es, t e i f ,  
i e  c r e . Th  ey a h and y lid s  a ly t c d w t   b ck r lu  
br w pigm , p ob bly of rganic rig d i l y a . A on , d rke li v-
ere the fi t e nd ma e f carb  b k  h t o ks lik g ic w  ig
me t  (F gure 2 ); n a r p t i s, t e s c  l  p  b  pp o l  n 
eyela a  o  y lid f d (F gu 2b). T l  xc p i  E. 178- 988, 
w re t  i st li s a trac d a r d te i . Th  p n e a  sh
nly n th  p rtr it f an unkno w ma  (P 8-1945), ere d t r  paint he
l r yel h li (F gur 2b).
H lliard wrot  tha h  u lin f faci l fe tur s o d e w  y fine p n l
(to b  und stood a  a brus ) wit  a fai t ros  c lour m d of a lak  [15]; t s p b bly 
corr sponds to t e brown lin  of g c o ig en du g analys s.
Th  eyes’ ner corn r, en v sible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures b  Nicholas Hilliard w ich hav  undergone technical and scientific ex mina-














































 L ad white     
V rmi ion     
Hematite         
Red lead         
Lead tin yellow I        
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bje ts th t e p i  Fra . 4- , P. 5-1910) rtr  f  k
(E.1177-1988) u i  this rti l . It r t r b i ly o d nd fully
mo e l  l sh t ne , ac ieve by plyin  m ny l ye s f p i t. The an lyses s we a
l a  w c rbo bl ck m t x c tt r   e p g r c es, ty lly h ma-
tit  a d v rm . T s is ls i  a r c  e fi s o   ra t f H i III
rec y sco r   ss c a t  Hi ar ’s k F [20]. I   s nd r u
f bje s, c r o i g o is styl stic c a g  i 1580s t f s  e  appea
al , ith  p f rence f r red l d a  a  r c p nt , alt ou h  s  f r d 
l k s, fad , ca n b  r e ou . Y ll w i ts,  a  l ti y l ow g -
it , w re s  i fi , ld m x  zu it .
 r lts r e c be  i a 3  r bo t  H li e c i e i hi
r atise. L  hi e n  e  l ad er  e i ls r c e t f
t e car a io ; e cas f p e co pl x on th  use f  c e t me
xed wit  a l a nt of as te (  ter  a t i  p o o l be erst
e ti  ye low [21,22]), wa  uce , wher f r war  , ticot c
shoul  be a d [15]. S m l r x r s ar a so es ibe   N r e  lthou    
t m ti t e us f st cote [1]. A i n ly, sc e f a a es e   e ce
of vermilion, which a isc ur g d H i a No g in thei r at se  w s 
c ste ly e pl y n t e f t es a e .
T e volu  f t  mou h as b lt u st r  t s t bro li s p t
t  co ers (Fi re 1); ver ilio   t m p g us fo t e l  n e Fr c
io , r as from th 1580 , p ak l a  f r e . T  io l
et e  up r a  lo r li co siste  of a a e. T e l s co f  w  w s
wr n by illi r d No te,  th  te ls  b  u f r t e uth  ake, r
l , nd a wh e m  [1,15]. V r i s i f   c tif c yses s 
ad tio al igm t p t
 e  ves ig ed i  ver l a : t e li , h eli f , h
n r c rner. T  la  d l s g ally ce  lack r  ilu  
br w m t, p bly of a ic ig a d p r i y f . A c nd, ke l e ov
r d t e fi  o  a d s m f ca bo  b  at l k  ike g ic b  pig
m nt (F gure 2 );  h r p t i s,  c   r  b pp   n t
ye h and o o ye  fold (Fi 2 )  Th  ly xc i  E.1 78- 988,
wh re h fir t  r t c t   t a . Th n f a s is sh w
ly n the p rt i f n u k w w m (P.8-1945), wh r  d ar  ain ed o e 
low r y la  l (F gu 2b .
H lliard w te th  tl n f fac al f t h d aw  b  fine p cil
(to be und r tood as a b s ) with a fain  ros col ur m d of a l k  [15]; th  pr bably
cor sponds to t br w lines of orga c orig  en dur g t e analys s.
The eyes’ i ner corn r, en v sible, is painted wi h red terial, the composition 
of which varies for each miniature.  
T bl  3. Miniatur b  Nicholas Hilliard w ich hav  un ergone technic l and sc entific examina-














































 Lead white         
Vermi ion       
Hematite         
Red lead         
Lead tin yellow I        
Indigo
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objects th t h  pai t d  Fra e (P.154-1910, P.155-1910) ort a t o   nk n 
a (E.1177-1988) ud  i  th s r ic . It is a erised by ig  o k d lly
o e led l sh tones, a iev  y applying ma y laye s o  pa . Th  n ses a 
ad whi  c b n bl ck t x sc t re e p g ent p r c e , y c lly a
it  a  er i . T i  i  al i cc r a c  th  f i g a r i of He III
recen ly sc v r   soc t t Hi l a d’s o k i F [20]. I e se o
of obje , c r on ing to his st is c hang d ng h 1580 , h fl s  e a pe r
pal , with  pr feren e f r red ea s th  a n c pone , al o  t e u  o red 
l k s, now f , ca n t b  r le . Yellow ig en s, c  a  le tin y n  g -
t te, w r  als  id t ie , ld  ixe i zur  
r ults r d sc ibe  n Ta l 3 a  co r b r te  i r r  in h  
r ati e. L a  i e an r  l ad w r  d ls  r c men e   s  f
the ca a i ; in e c s  p e co pl xion the u of t e re  c ne t, o
ix wi h a s al a unt of mas e (a r  at t  per s ul  e un e o
s l a tin ell w [21,22]), wa  educe , w e  f r  sw y e,  and c r
sho l  e a d d [15]. S r ix ur  r a  s rib b  N rg te, th g h es
o  men i  t e use of ast cote [1]. A i ion l y, cientif c ana e  v a d  ce
of v r il o  i h wa  isc u a e  by Hi li  nd N rg e i h i  t ise bu  
consist ly e pl yed n the fl s  to s a y d.  
 vol of t e mout w s b lt p st r g th t ho br  nes t
t the corners (Fig  1); v r ilion s e in pig n s o t ng he Fr nc
r od, h s fro  th 1580s, pink ak s nd r  l  e p f rr . T s a a io  l
t e upper a  lo r i c n ste f d a e. T  e lt c fi  w a  was
wr en by Hilli rd a  N at , a h t s b  us f h u h r  a , r
lea , a d a wh gm  [1,15]. Verm li  as i i d b  sc e if c a l ses as  
addi ional pigm  p se t.
T e y s e  i ves i t d i  ve al ar s: e la li s, t li f d,
nn  corn r. T  l   yel  i s e ally ac it  bl ck  lu  
b wn igm , p b bl of g ic ig  i l y f . A s n , ark li ov-
er the fi   d s made f ca b  b k  h t lo ks l k org ic r w  p g
m t  (F gure 2 );  th r rtr i s, h c l  p   appl on e
yela    n eyelid f d (F ur 2b). T l  xcep o i  E.117 -1988,
w er   fi st li s  tr c d wi h  r d m ter l. Th  p s nc y a i show
nly on the port ait f a unkn  m P.8-1945), where d t r  pai te he
lower ey l sh l (F gur 2b).
Hilliard wrote th t the ou lin  of facial f t es hou b d n by fi  p n
(to be unde stood as a brus ) wit  a fain ros  colour m d of l ke [15]; t s p obably 
corresponds to t e br n li es of g c orig n n dur ng the analys s. 
The eyes’ inner corn r, when visibl , is painted with a red terial, the composition 
of which varies for each miniature. 
Tabl  3. Miniatur s b  Nicholas Hilli rd w ich have un ergone technical an  scientific examina-














































 L ad w ite     
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
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obj cts that he p  i  F ce (P 154-19 0, P. 5-1910) a  r ra  f  k own
(E.1177-1988) ed i s ti le. I is c a eri by hl w rked nd ful y
m ell d fl sh to e , a v y lying m n  l ye  f p t. The na yse  e   
l hi c rb n ck x t  th pig ent r e , y lly -
it  an  e lion. Th  al o in c a e it th f gs o a rait f H ri III, 
r c tly dis v re  a  cia ed  Hil ar ’s k i Fr c [20]. I  seco r
f obje t , cor sp n i g o his t lis c ha g i h 1580s  fles  t ne a ea  
pal , ith a pr e n  f  r  ad th  a e  n , t ou  e u  o  red 
l k s, no f , a ot ru  t. Yellow ig s,   e tin y  a  g -
hi e, e ls  ent f e , l x  zu . 
 r s lt ar de crib  a l  3 corr bor t l iar e cr be  in h  
r ti . L hi an e l ad  d d th  ls e c nd  to f  
t  r ation; in the c f a pa co pl xion t  u e of e red co pone t, s 
xe w th a sm l  nt f as c e (a  h t t  e  sh be un e o  
a   ti  ye low [21,22]), w  r d e , h r  r  s y e, ma ti o   oc r  
h ld dd [15]. S mi a  x r  e s es i e b  N rg e, lt gh h  d e
n t ention t e u f as icote [1]. Ad i y, cien f c ana s s v d t  re ce 
f v r il on, hich a  iscour e  Hil i  an Nor a in t ei  t a ise but was
siste ly ploy n h  f e  e s .
Th vol e of th m u s b lt star g ith t o o  br i s p i t  
a e corn  (Figu 1); v milion the n p g n fo  e i  ring h  F nc
r d, h r s from h 1580s, pi k s n  a   p f rr . T a io  li
b t e  u per a d l  li c siste  f a  ak . T e s lt  co f med w t w s 
wr en by Hi li r  N ,  h m i l  o  se f r u  er l k , re
l a , whit  igm t [1,15]. V i i  s tif d by c ific y es s  
a i l ig nt p t.  
T e ey s r  nv sti d i v a a : li s, h i f l ,  th  
n  co r. Th l s  y d li w g a y c i h  bl k r lu  
r w p m t, p b bl f rga c origi d a i y . A s d, k li c v-
t  t a d as m f ca b  b k  hat ks ik g ic wn p g-
m s (F gu  2 ); h  r ai ,  o   p   b p ly o   
y l sh i  n  h  ye  f ld (F ur 2b . Th exc t  i n E.1 7 -1988,
r  he fi st n e t c d i  al. T p s n f l sh  how
only th  p rtr  f a unkn w P.8- 945), w r d  int d n e
l e y la  l (Figur 2b .
Hilliard t  that t e u l f  f ci l f atur s should b a b a fine p nc
(t  be unde t od   b s ) with a faint r s l ur d of  l k [15]; th s pr bably
cor sponds to the b o n l es of g ic origin en dur ng the analyses.  
Th  eyes’ i ner corner, hen vis bl , is painted with a red terial, the composition 
of which varies for each i iatur .  
Tabl 3. Mini tures by Ni ol s Hilli rd which hav derg ne echnical a  scie tific examina-














































 Lead white         
Vermilion         
Hematite        
Red lead         
Lead tin yellow I        
Pink lake
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o j s th e painte  in F an (P.154-1910, P. 5-1910) a d a portr i  of a  nknown 
(E.1177-1988) s u i d in th s ar i l . I i ch r cte sed by i ly w k d and lly 
e  f  t nes, ach v d  a lying y lay r  f paint. Th  analyses sho d  
 hi e a  c bon ck t x s att  with igm t p r icles, ty ically he a-
it  n  vermil n. hi s al o in r ance w  t e f ndings o  a trai  of H ri III, 
e y d cov nd a ociat o Hi iar ’s work in F c  [20]. I  th  s co  group 
f obj ts, co s g o is tylis i  h  in   1580s t e fles  t s app ar 
le, i  r c  fo  r  l ad a  e main e  comp ne ts, lt g  the us  of red 
ak n  fa , c rul  u . Ye l w pigme t , s c  as l tin y ll w an  g -
, r   i nt e , l om ix  i h az t .  
e r l  ar e crib d i  T l  3  or o te hat Hillia d d scribed i hi  
r atis . L  i nd e lea  we e i d th  terials he re omm nde   s  for 
h  a io ; in th  cas  a p le mp exion t e us  of t e d compon t, so etimes 
xe  ll a f mast  (  te  tha  at t is p io  s ould e understoo  
s l i  llo  [21,22]), s r d ce , wh ea for s rthy one, mas icote d c res 
ho l  added [15]. Similar mix e  a e o c i d by Nor a , although he doe  
 n io h  e of a tic e [1]. A i ion lly, sci t fic analy es revea ed t  pres e 
o  v m lio  ch wa  i co e by Hill  N rg  in thei  r atis s but w s 
ns ly empl y i e fl h o s ys .  
 volu f t  o t  w  built up st r g w th  s ort b ow  li s paint  
t t e co er  (Figur  1); v lion  t e a  p g t u e  for  li  duri g th Fre ch 
r o , he a  f h 1580 , p  lake  a e l a  ar  ref rr . The s a tion lin
t e  u er a o r  c si t  o  a re  lake. T e results c firme  w at w s 
r   Hil a d N te,  t e ma erials o b  se  f r e m uth were ke, r  
l , a  e gm t [1,15]. V m lio as i ti e  by scientific a alyses as a  
a o l p nt es t  
T e yes w v s ig  i v l ar : the y lash li s, th  d f ld, and  
c r . T  las  d yelid l n s wer e ally tr ced wit   bl ck or a dilu ed 
b  p gm , p b b f   d part al y fad d. A s cond, darker li  cov-
r t  s  nd   f c rb  bl k  w t l ks ike orga ic brow  pig-
m  (Figu e 2 );  e er p r it  the co d l e p ars  be ppli d only on the
l  i  n  o o li  fo d (Fi re 2b). Th  o ly xc ion is on E.1178-1988, 
wh r firs s t ac d w th  r at i l. Th  r se c  e elashe is show
ly th  p rtr it f an unk wn w m  (P.8-1945), where dots are painted on the 
lowe ey as  li (F gur 2b).
H llia d w ote that t  ou lines f t facial features sh uld be drawn by a fine pencil 
(to b  understood as a brush) with a faint rose colour made of a lake [15]; this probably 
correspon s to the brown lines of organic origin seen during the analyses.  
The eyes’ i ner corner, when visible, is painted with a red material, the composition 
of w ich varies for each miniature.  
Tabl  3. Miniatur s by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white   
V rmi ion     
Hematite         
Red lead         
Lead tin yellow I        
Azurite
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bj ts th  painted i F n  P. 54-1910, P.155-1910) nd port ai  f an k wn
n (E.1177-1988) u i d in t is a ic . It is ar e se by hi hly o ked nd fully 
od lled l h o , i ved b  applyin  a y l ye  o  paint. Th  analy e  s w   
 i c bon b k t x s t r  t  r d i t par ic es, typ lly he
i  d v rmil on. T s is al  in r anc   the f ngs o a ortr i of H ri III, 
ece y d ov r d d a d  Hi li ’  work i Franc  [20]. In  econd g  
f je s, or spon ng to  styl i ha g  u g 1580s, e fles  es app a  
p l , i h  p e n e f r e  l d t e i  d c mpon n s, al the us  re  
lakes w f , ca n t b  r le . Yell w g , u   l a  ti  y low a g -
th , we  s  i nt i , eldom ix d ith az te.
he r l s r  de cribed n T  3 n  r e  Hilli d describe  in hi
ise. Le  i n lead  i e   m er als h  commend   f r 
he car i ; in h  case p le mpl xi n t e u of the  compon nt, ometi  
xe  w th  s ll m n  of ico  (a t r  h t  t i  p riod s ul  b  u rstoo
a e  tin llow [21,22]),  r uce , h ea  for  s hy on , s icote and res 
sh l   d [15]. Simil r mix re  a  a o crib d by Norga , a thoug he o  
t  h us  f as i o e [1]. A di nally, sci t fi  a es r v  t  s n  
f v mili n  i h wa  i o ge  Hillia n  Nor  i th i treatis  bu  
cons t n ly mplo d in e f s  to e n y ed.
Th  volum  f e mou h a bu lt up st r ng th t  sho b ow   pai t  
 e co e (Figure 1); v il on is t e  p e t u e  f r t e i s rin  th  Fre c  
p r o ,  fr m h 1580s, pi  ak  n  e  l d ar  pref r . Th  s tio  li
b w e  p  a  l r ip co si ed of  e e. T re ult  c f m  w at was 
r e y Hilli a  N g te,  t e ate i s  b  use  f r e out  re ake, r  
le , a d a w e [1,15]. Ve li n as e  y sc e if c a aly es s  
ion l igm t p .  
e e es w e v t ga  i  v l ar s: h  lash li s, th li f ld, nd
i  r. T  y l h y i  li  lly ac  it  a bl k o   dil t d 
b  igm n , b ly f o i   lly f d. A c , rk r li  cov-
t  f t n d  d f c b k w at l ks k  o g nic r w  p g-
m t  (F gu e 2 );  t r p r it , h c  li  pp ar  t  appl d nl  on e 
y l s   o  n h el  fo d (F g r  2b). T  exc io  i   E. 78- 988, 
her h  fi s l es r ac d w h a terial. Th s n  e elash is hown
o ly th p rt a t f an u kn m (P.8-1945), wh r  dots  paint d n the
low r ey sh lin (F gur 2b).
H ll ard w ote that the ou lin s of the facial featu es should be drawn by a fine pencil 
(to b  und rstood a  a brush) with a fain  ros  colour ade of a l ke [15]; this probably 
corr sponds to the brown lines of orga ic origin seen during the analyses.  
The eyes’ i ner corner, when visible, is painted with  red material, the composition 
of which varies for each miniature.  
Tabl  3. Miniatures by Nicholas Hilliard which have undergone technic l and scientific examina-














































 L ad white    
V rmi ion     
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Red lead         
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bj cts t t h  ainte  n Fran e (P.154-1910, P.155-1910)  por rait of an known
(E. 177-1988) udi  in t is r i l . It is har cte ised by hi ly w rk d a d fully
d ll d le h n s, i v  by applying any layer  of paint. T e analys s showe  a 
 hi d ca bon b ck m tr x s tt r d t d pigm t partic s, ty ically hema
it and v rm l on. i  s al o in or nc  it the f ndi gs o  a portrait of H n i III,
rec y d s ov d ss at d t  Hi li ’  wo k in Franc  [20]. In the co  gr up
f bje , or spo ng to is yli i  ha g  uring  1580s, t e flesh to appea
l , i h  p f n  f r le d  ain r d ompo nt , lth g  the us  of red 
l k s, f , ca n t b r le . Yell w p gme , s ch as l a  tin yell  a d g -
hit , w  als  id nti d, ld m ix d ith az r t . 
h es l s r d sc ib d n T l 3 n  o ro r e h Hi liar  c ibed in hi
s . L ad i nd l ad w e i d ed ma rial  e co men ed to u for
th  a i ; in th  case o   l  ompl xio e u of the d c o nt, so etime
x wi s ll nt of o  ( t r  that t t is i  s ould be un ers oo
a in ll  [21,22]),  d c , h as for  s arthy ne, masticote nd ochr
hould  add  [15]. S mil r mixt e  a e al  rib d by Nor a e, thoug  h oe
t n i n t us of as co e [1]  A d ionally, sci tific na s r v l d t  pr senc
o  ve mi ion, i h a  is ou ge  by Hilli an  Norg te i their t e tises bu  
co s ly e pl y  e f h tone  alys d.  
Th  vol me f t e mout  w s bu lt up st r i g th t  s or  brow  li e  pai
 t e co rs (Fig re 1); v rmilion is the  p nt  for he lips ri g th  Fre ch 
r o , her s fr m h 1580s, pi k akes  e  l ad ar  ferr d. The sepa tio  lin
b a l er l  c i t  o a  . T es re ult  c firmed w at wa
wr t e  b Hilli a N gate, a  t e ate a  to b  u  for he outh were k , red
l , a  w  gm  [1,15]. V mili n w s i f ed by scie tif c analyses as a  
d io l g t e t. 
T ye  w  v stig t   s v r l r s: the elash li s, the lid f ld, a d 
i n r. The l d y i  l s w n lly t c  wit  a bl ck or a diluted 
b o  igm n ,   o i o igi p rti lly f d. A s con , d rk  li e cov
d  n nd s m  of c b  l k an  wh t l ks l k  org nic brown pig-
t (F gu e 2 );  h t r p r it , th  econ pp ar  t be appli d nl  on the
y l s i   o   t e e i  fo d (Fig r  2b). T e  xc ion i  on E.1178-1988, 
h r he fi st s t c d with  m terial. T resence of e lash  is shown
o ly  p rt t f n u k o oman (P.8-1945), where dots re painted n the
lower ey l sh lin (F gur  2b).
Hillia d w ote th t the outlines of the facial feat es should be drawn by a fine pencil
(to b  un rsto d as a b ush) w h a faint rose colour ade of a lake [15]; this probably 
corr sponds t  the br n lines of organic origin s en during the analyses.  
The eyes’ inner corner, h n visible, is painted with a red material, the composition 
of which varies for each miniature.  
Tab e 3. Min atur s by Nicholas Hilliard which have un ergone technical and scientific examina-
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Red lead         
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obj cts that h p inte  n Fr n e (P.154-1910, P.155-1910) a  por r it of an unk n 
man (E.1177-1988) studi d in his a ic e. It is a te is d by hi hly d and fu y 
modelled flesh t s, a hi v d by a plying any l ye   paint. Th  analy e  h w   
ead whit n  rbon black matr x c tt ed t  r d pi ent p t cl s, t p ly h
tit  and v r i ion. Thi  is also in cc a c  i h th  fin ings n a po it f n i III, 
recently disc v r d and associ d  Hillia ’s rk i  Fr nc  [20]. In th  s c n g oup 
of obj cts, corr sponding to his stylistic ch  d r ng th  1580s, t  fl s t n s pp a  
pale, ith  preferen e for re  lead s t e ai r c n nts, al h  the use f red 
lakes, no  f ded, cannot b  rule  out. Yel o pig ents, s h as l  ti  y l o  nd go -
thit , wer  lso i entified, seldo  ix d th z rit .  
The r sults are de crib  in Ta le 3 an  c r obora e w t Hillia  e cr bed in h  
tr atise. Lead hit  an  r  lead er inde  th m erials e com en  t f
the car atio ; in th  c se of a pale co pl xi n the u of h  r d co pon nt, o t e
mixe  with a s all am unt of a icote (a t r  t t at this ri d h ld b und s od
as lead tin yellow [21,22]), w s e u , whereas for  sw r y ne, asti ote and ochres 
should e ad ed [15]. Similar mixt re  ar  al  e ribed y No gat , ltho  he do s 
not me tion he use of asticote [1]. Addit o lly, sci fic analys s r v led the p s nc  
of vermilio , whi h wa  isc urag d by Hilliar n Norga in th ir r atis  but
consistently empl yed in t  fl sh to s naly d.
The volum  of t e out   bu lt u st rt n  i h t ho t o n e  pa t  
t the cor ers (Figure 1); ver ilion i  t  ma pi  s for t  li  u i  the F
period, wh r as from th  1580s, pink l ke and r  l d r  preferr . T s p r tion li  
betw e  upper d low r lip consi ted f  r l k . Th  sults c f ed wh t was
written b  Hilli rd a d N rg te,  th  ate ial  o s  f r ut  w r  l , re
lea , and  whit  nt [1,15]. V mili  as i nt f d by sc ific alys s as  
addi i l pigm t pr se t.  
T e ey s r  i v stig t d in s ve l ar as: h  l s  li s, d f l ,  th  
inn  c r er. Th  l s  a  eyelid i   r ly trac  it   l k   ilu
brown pigme t, pr b bly f rg ic origi  d i lly f d. A s c , a k r i e c v-
ered the fir t  and as m de f carb  b k d h  o ks lik  o g ic br pig-
ments (F gure 2a);  th  lat r port i s, h  s cond lin  pp ars  pp d l on e 
eyelash lin  and not on he ye  f ld (Figur  2 ). The n y xcep o  i E.1178-1988,
where the first li es e rac d wi a d ma i l. Th p s f eye a h s is h  
only on the por rait f an unk w ma  (P.8-1945), w r dots e p in d n the
lower eyel sh l ne (Figure 2b).
Hilliar  wrote that the outlin  of th facial featur s shoul be dr wn by  fine pencil
(to be und rstood as a brush) wit  a fain  rose colour made of a lake [15]; this probably 
corresponds to th brown lines of orga ic origin seen during th  analyses.  
The eyes’ inner corner, wh  visible, is painted with a r d terial, the composition 
of which var es for each mi iature. 
Table 3. Miniatures by Nicholas Hi liard which have undergone technica  a d scientific examina-
tion. Greyed-out cells ndicate that no ana ysis was carri d out. 
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obj c s th t e p i t  i  Fran e (P.154-19 0, P.155-19 0) n  a portr it of an unk own 
man (E.1177-1988) s ud ed i thi  a icle. It is char cteris by highly k d n  fully 
od ll d l sh t es, chiev d by a plying any l ye s f paint. Th  a alyses h d  
lead whit nd rbon bl ck a ix ca t red it  r  pig nt p t cl , t p ally he -
tit  and v r il on. Thi  is l o i cc c ith the fin i gs   po rai f H nri III, 
rec ntly discovered n  ssocia d t  Hillia ’s wo k i Fr c  [20]. In he s  group 
of objects, corresponding h ty istic c a g  d ring t  1580s, e fl s  t n s pp r 
pale, with  preferen  for red l ad s the a n n nt , l ou h  us  f r d 
lakes, no  fade , ca n t b ru e o t. Yel o  pig ent , h as e d tin yell and g -
thite, w r  also entified, seldo  ix d wi  zu it .
The res lts are d cr be  i T l  3 n  c r bo ate  Hi ia  cr bed in his 
tr atise. Lead whit  and r d lead w r  in ed th  m t ri ls  r co nd e f r
the car atio ; in the case o a pal  o pl xi n the us of  r co on t, o t es
mixe with a s all amount of a i o e (a er  t a h s r d sh ld b ers d 
s lead tin yellow [21,22]),  re , reas f a sw rt y ne, asti o e an c res
shoul   added [15]. S ila  mix ur  are a s d s ribed by N rgat , lth gh he oes 
no  m ion the us  of mas icote [1]. A dition lly, scie ific an s s rev d h  pr nc  
of vermil  ich was discour ge  by Hilli rd and Norg t n th i tr atis but w s
co sist tly empl yed in t  fles to s na ys . 
The volum  of the out  as buil u  st r n  i h t sh t r n lin s paint  
at th  cor rs (Figur  1); v r lion i  th in i m n  us d fo  t  lip  uri  th  F nch 
p riod, h r s fro  h 1580 , pi k lak  nd r  le d r  efer d. Th  s r tion lin  
betw  upp r nd low r lip c nsist  of a r  l k . The e sul s confirm h t was 
wr tt n b  Hilli rd a d Norga e, a th t a  t   s d for e ut  r l k , r  
l d, a d  whit  igm t [1,15]. Vermili  as i nt f e  by sci ific l ses as  
additi al pigm nt pr s t.  
Th  ey s er  i v stig t d i  s ver l r as: th  las li s, e i f l , a d the 
inn r c r r. T  l  a  ey li   r  ly t c  it  bl ck r  il t
brown igm t, pr b bl  f g ic origi  d p rti lly f d. A c d, k  i e c v-
ered the fi t  a d a m de f carb bl  h t ok like org ic br w  ig
m nts (Figure 2 );  th  t r p rt ait , s co  li e pp r   b pp l o  t e 
eyelash lin  and n t o  h  yeli  fo d (Figur  2 ). Th  nly xc p  i n E.1178-1988,
w r  he first lines r  tr c d wit a r d mat ial. Th p e ey la is ho
only on th  port ait f an unknown w a  (P.8-1945), w r  dot a p in d o the
lower yelash l (F gur 2b).
Hilli rd wrote that t  utlin s of the acial features should be rawn by fine pencil 
(to b  understood a  a brus ) with a faint rose colour made of a lake [15]; this p bably 
corre ponds to the brown lines of organic origin see  during the analys s.  
The eyes’ i ner corner, when visible, is painted with a r d material, the composition 
of which vari s for each i iature.  
Table 3. Miniatur s by Nicholas Hilliard which have undergone technical and scientific examina-
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obj c s that h p t  i  F nce ( . 4- , P. 55-1910) p rt it of an unkn  
an (E.1177-1988) tudied in th  a ticl . It  ha te is d y hi hly k n  fully
od ll d flesh tone , c i v  by plying any l yers o p int. Th  naly s ho ed 
lead white d c b n bl ck trix catt re t  d p gm t rt cl s, typ cally he -
tit  a d v rm lion. Thi  is l o i  c r anc  th th  findings on a po t it f H n i III,
rec ntly iscovered d s ocia Hi i d’s ork i  Fr c [20]. In th  s co d g up 
f bjects, corr spon ng o h st lis ic c ng dur ng h  1580s, t e f s  t n s pp ar
pal , ith  p ef n f r r d e d a  he in r  ent , al o h th  use f red
l k s, no  fa e , can t b ru e  o . Y llo pig nts, h s l d tin y l o nd g -
ite, er  ls  i entified, sel o  ix d wit  z rit .  
h  r lts re d c ibe  i Ta l  3 d c rroborate h t Hillia d cr b i  h
tr tise. Lea  whi  and r d l ad w r  n e d h mate ls  r co mend  t  e f r
t e car ati n; i  the cas  f a pa  o pl xi n th  us f t e red co po nt, ti
mix  th a s al  a o nt f sti ote (  t r  h at is i d s ul  b nd r od
s lea  tin ll  [21,22]),  r d , w ereas f   wa t y e, ast o e and c re
shoul   ad ed [15]. Si i a  ixtur  a e al  scribe  by N g t , altho h h  does
n  m tion he us of asticote [1]. A dit o lly, scie ific an lys s v aled th  pr n
f vermili , hich as disc ura ed by H lli d n Norg t  th ir r atis b  w s
co sist tly ployed in th  flesh t es naly .  
The volum  f t u  buil  u  st rt ng i h t sh rt br n s p nt
at the e s (Figu  1); v rm lio i  th  in pi t fo  t e i  u i g h  F ench 
p riod, wh r as from t e 1580 , pink l k  and r  l d a  efer .  par ion li
b twe  u per  lo r i  c nsi te  f a re  l ke. T e esults c nf r h t w s
ritt n by illi r a d N r e, s t  mat i l  t  us d for t  ut r  la , re
l ad, a d  w i e  [1,15]. V ilio  as i nt fie  by sc ific n lys  s n
additio al pigm t p s t.  
T e ey  w r  i v stig t  i  s v l ar s: h  l s li s, h  e lid f l , a d t  
nn r cor r. T  y l s  d y lid i  r  ly tr c  it  l k   ilut
brow  pigm t, prob bl  of rga ic origi  i l y f . A s c nd, k  li  c v-
er d t e fir t d s m  f ca b b k a t o k  lik  org nic br w  ig
m nt  (Figure 2a); n t  r rt ait ,  co d li  pp   pp i  ly o   
eyelas and  o  yeli  f ld (Fig  2b). Th n y xcep  is  E.117 -1988, 
w r t e first lin s ar  r c  wi h a r d mate . Th p s e of y la i how
only on th p rtrait f a unkn w a (P.8-1945), w r d ts a  p int  n the
l w r eyela h l e (Figur 2b).
Hilliard wr t  tha  the ou li s of the aci l f atur s should e d a n by  fine p nci
(to b  unde stood as a brus ) with a faint rose colour made of a lake [15]; this pr bably 
corresponds to th brown lines of orga ic origi  s e during the analys s.  
The eyes’ i ner corner, when visible, is painted wi h a red material, t e compo ition 
of which vari s for each mi iature.  
Tabl  3. Miniatur by Nicholas Hilliard which have undergone tech ical and sc entific examina-
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obj c s th t he p t  i  F a e ( . 4- 1 , P.155-1910)  port t of a  u kn n 
an (E.1177-1988) tudi d i  t i  r ic . It r terised y highly rk d d fully 
mo l d fl sh t e , hi v d y plying a y l ye s p int. Th  nalys s s o d  
l d hi n  c b n b ck t x scatt r d t  r d p nt ticl s, t lly he -
tit  a  verm ion. Thi  is also in d nc  i h th fin i gs  po t ai  f H n i III, 
rec tly dis v r d nd s o i  Hi l ’ ork i  Fr nc  [20]. In e s co d g up 
f bjects, corr sponding o h st listic c n dur ng t e 1580s, e fl s t nes pp r 
pal , ith  p f ren  for red l d s e in  nt , al ough the us  f r d 
l k s, no fa e , cann t be ru e  . Y l  pig nts, such s le d tin y l o nd g -
thi e, wer s  i ntified, s l ix  wi az it . 
Th  r lts re d scribe  i  l  3 n  c robora w a H l i r  crib d in h s 
tr tis . L a hit  and r d l a r e  h  r ls he co me e  f r
e rnati n; in th  cas  pal  co xi  th  us f th co p nt, ome i es
xe it a s ll am nt of as co  (  t t  e i d h ld d rs od
s ea  tin yellow [21,22]), r d c d, reas f  sw t y ne, a tico e an  oc r  
sho l   dd [15]. Simila  mix r s a  s  d s ibe by N r t , lthou h e doe  
 m i n th  us f asticote [1]. A ditionally, sci ntif c nal r v ed p nce 
of vermil hi h as isc ur ge by H lliard nd Norg t  n th i  r tis s  as
sist tly ployed in he f esh to e  naly .   
h  volume f the u  as buil  up star n  i h o s t bro n n s a nt  
th  ers (Figur  1); v r ilio i  the m in pi  sed fo  the ip i  th  Fr n h 
p riod, where s f o t 1580 , pi l k and  d a  f r d. p r ti n lin  
b twe n u p r  l  i  c nsiste  f   k . Th  results c fir ed t was
ritt n b  Hilli rd a d N g e, s t  t rial  to b  us d f r ut  ere la e, r
l a , a d w  pi m t [1,15]. V r ilio  w s i t f by cie if c s s s an 
add ion l igm t pr s t.  
he eye  w re i v stigat d in s v l area : s lin s, t l  f l , nd t  
in r c n r. T  y s d y lid i  r  l y c it  a bl ck r  il t d
brow  pigm n , p ob bl  f  ri i   a i lly fa . A , rk  li e c v-
r t e fir t n d as mad f ca bo bl ck t lo ks lik  org ic r pig
m (Figu e 2a); n t t  p r r it ,  s co d li  pp r  ppl  l  o e 
ey l s lin a   n th yelid f d (Fi r  2 ). Th nly ex ep  is o  E.1178-1988, 
w r t e first l nes trac w ed mat a . Th pr ce  is ho  
only o the portrait f a unkno n w (P.8-1945), wh r dots a int d on the 
low r eyelash l  (F gur 2b).
H lliard wr te that t e outl nes f the acial featur s sho l be dr w  by  fine pencil
(to b  understood s  br s ) wit a fain  r se colour made of a lake [15]; this probably
cor esponds to th  brown l nes of orga c origi  see duri g the analyses.  
Th eyes’ i ner corner, when vis ble, is painted wi h a red mater al, the composition 
of which vari s for each mi iature.  
Tabl  3. Miniature by Ni ol s Hilliard which have u derg ne ech ical a d sc entific examina-
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bj s that e p t d in F . 4- , P.155-1910)  port i of a u kn n 
an (E.1177-1988) studi d in is a icl . It h teris by i h y o k d n  ully 
mo l d fl sh t n s, i ved y plyi  any l y s o p i t. Th  nalys  s o ed  
d hi  n ca b n bl ck trix ca t r d t  r d p g t a icl s, t p c lly he
tit  d v r lion. Thi  s lso i  acc d c th th f nd s a p t ait of H n i III, 
rec tly dis ov r  a d s oci t  to Hi li ’s ork i  Fr nc [20]. I  t  s c oup 
f bjects, cor sponding o h st l tic h n dur n he 1580s, e fl sh t es ppear 
pal , ith  p f r n  for r d l d s he in r n nt , al o gh he us  f red 
l k s, no f de , c n t b ru ed . Y l pig n s, u h s ad tin y llo  an  g -
thi , w  l  ntifi d, seldom ixe  i az it .  
Th  r lts r  d scribed  Ta l  3 an c r b rate at H lli d d crib d in hi  
tr tise. L ad it  nd d lea  d d h  r ls  r com n e  t  se f r
 r io ; in the cas  of pal  c l xi n th  us f  r  co nt, so ti e  
mix  with a ll nt of a ico  ( m h  at t s p ri  s d b  n rs ood
s lea  ti  llow [21,22]),  duc d, e e  f  thy n , as cote and c r s
sho l b  d d [15]. Si la  ix ur  a e ls d sc ibe by N rg t , lthou he does
o  me i n the us f mas icot [1]. A ditio lly, sci if c a ys s r v ed h  p s n  
of vermil on, hich a iscour ge b  H ll  nd Norg n th ir tr tis  
co isten ly mployed in t  fl sh to s n ly .  
The volu e f the u h as buil  u  t rt ng i h t sh t b own n s paint
t t  c r r (Fi ur 1); v r il o i  th i  pi  s d fo  t  li  in  th  F enc
p riod, h r s f m h 1580s, pi  and e  l d  ref rr .  sep tion lin
t u per a  l r li  c nsiste  f  re . The  esults conf r ed t w s
writt by Hilli rd a  No g , s th  t rial  t  b  use  f  ut  ere a e, r
l ad, d  wh  pi m t [1,15]. V ilio  i ti ie  by ci if c n lys s s n 
addi io al pigm t pr s t.  
T y  w re i ve tig d i v l r :  l s li s, h  li f ld, and
in e  c r r. T  ey sh y lid i  r  y r c it  bl ck or  il  
r w  pigm n , pr b bly f  ri i  i lly f d . A n , k r li  cov-
the fi st on d s m e f ca b bl k hat ook  lik  org ic r  pig
m s (F gu e 2a); o  th l te portr it , h  s c d li  p a  pp i d l  o  
y la h n   n h yeli  f ld (Fi ur  2 ). T e ly excep  is E.1178-1988,
r th  first l s r trac w t r d at a . Th p n e f ey la h is ho
nly on th  portra t f u kn n w ma (P.8-1945), w r dots paint d n the
lower yel sh li e (Figur  2b).
Hil ard wr te that th  lines f the acial f atu s sh uld be rawn by fine pe cil 
(to b  understood   brush) with a fain  r s  colour made of a l k [15]; this probably 
cor esponds to th b own l nes of or a c origi  seen during the analy es.  
Th eyes’ i ner corner, when vis ble, is painted wi h red material, the composition 
of which vari s for each miniatur . 
Tabl  3. Miniature by Ni ol s Hilliard which h v undergon  ech ical a d sc e tific examina-
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j c s th t he p t d i  Fran ( . 4- , P.155-1910) d portr t of a u kn n 
n (E.1177-1988) s di d in i  a ticl . It h terise b  i hly k d an  lly
l d l sh t n s, hi ved y plyi  any lay  o p in . Th  alyse  sho ed 
e  hi  n  c r n bl ck atrix t red h r  pig nt cles, typ ly he
tit  a d v rmili . Thi  s ls in c c i h th findi s  p trait of H i III,
rec tly d s ov r d  ssoci d t  Hil i d’ rk i  Fr nc  [20]. In  s c n g oup
f bj ts, corresponding o hi  st listic c n ur n t e 1580s, t fl sh t nes pp ar 
pal , ith  p f  f r red l d  e in d o n n s, a th ugh h  us  f red
l k s, no f d , ca t b r . Y pi , h as l ad ti yell and go -
i , we e so i ntif ed, seldom mix  ith azu ite.  
h  r lts r  d sc ib d i  Ta l  3 n  ro o te  H lia d cribed in hi
tr atise. Lead hit  and r d l r n e d t rials h  r o m nd  t e f r
 rn io ; in th  c s  f a p l co xi n h  u f h  r  c on nt, o i
xe  w t  s ll a u t f a ico e (   at t s ri  ld  u d s o d
 l a  ti  yellow [21,22]),  d c , he  fo s rt y ne, astico e and c re
shoul b  d d [15]. S mila mix e  a e l sc ib d by N rg , thou  he do s 
 me i n the us of asticote [1]. Add tion lly, scie f c a s ev led th  pr enc
of vermi on, hich s iscou ag  by Hilli d nd Norg t h ir reatis  ut a  
c sis tly emplo  in t  fl sh ton s nalys d.   
Th vol e of the ou h s bu l  u st r ng h o h t brown  p i t
t t e cor (Fi ur  1); v r li i th in pi e d for t lip d in th Frenc
p r od, wh r s fr m th 1580s, p la a  e le d r ef rr . The s pa tion lin
t e  u per a  lo  li  con ist  f a r d l . Th esul s confir d t w s
wr tt b Hill r and N ga , t  at r   b  s  f m ut  er a , r
l ad, and a w p gm [1,15]. V mili  s i tif d b c tif c n lys s s
a io al pigm t pr s t.  
T y  w r v ig   ve al ar : s li s, id f ,  the 
i n  c r . T  y as  ey li   w r  g y tr c it bl ck r  ilu
r wn igm , p b bl   g c rigi  d a i lly fad . A s n , a k li c v-
r the fi st n  and w  ma e f ca b b ck d what ok  lik org ic br w pig
m n s (Figu e 2 ); n t  p t it h s cond in  t  b pp  l o  
y l h n a  n  on yeli  f ld (Fi ur  2 ). The n xc  is E.1178-1988,
w re  first l s r t c w t  r m t i l. T p s f e ela h  s h
nly on th p rt ait f a  unkno n w a  (P.8-1945), w er  dots re p in d n the
l w r eyel h l ne (F gur 2b).
H l ard w t  that h o tli s f the aci l featur s should be d awn by a fine pencil
(to b  unde sto d s  b us ) with a faint r s  colour ad of a lake [15]; this probably 
cor esponds t  th b own l es of or a c origi  see dur ng th analys s. 
Th eyes’ i ner corner, w  v s bl , is painted wi h a red material, the composition 
of which vari s for each mi iature. 
Tabl  3. Min ature by Ni ol s Hi li rd which h ve undergon  ech ica  a d sc entific examina-
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bj c s th t e p t d i  F n e ( . 4- , P. 5-19 0)  a po t t f a  u kn n 
n (E.1177-1988) udi in i  ticl . It ha teri by hi hl ked an  ully 
o ll d l s ton s, v d by plyin  any lay s f p i . Th n ys s sho e  
e d whi n rbo bl ck trix a t r  t  r pig nt art c , typ ally he
tite a  v r l o . Thi  s al  in c d e ith the fin g   a po trait f H nri II, 
rec t y is ov r  d ci d t Hi l ’ rk in Fr nc [20]. In t c n  group 
f objects, corr spondi g o h st listic ch ng during 1580s, t fl sh t n s ppea  
p l , with  p fe en f d l d s e n d o n ts, l h h h  us  f r d 
l k s, no f e , ca n t b r o . Y l o pi e , s h s le d tin yell and g -
t , ls  i ntif ed, ld  ix d  z it  
h  r l s ar  d c ib  i T l  3 n  ro o at h t H llia  d crib d in hi  
tr atis . Le  hi  nd d l ad w r nde d th  t ri ls  r co end  t  e for 
e io ; i th  c s  of a p e o l x n h  us  f th co po nt, i e
mixed i h s all a nt of a co  ( m h t t  ri  ld b e s o  
ad ti  y llow [21,22]), d, r f  s a y ne, t and c r s
shoul be dd d [15]. Si ila  mix a e also s ib by N rg t , lth  h  o s 
n  ti n t e us f astic t  [1] Addi i n lly, c en if c ana ys s v l  h  pr nc  
of ve m n, hi h  iscour g d b Hill and N rg t  n ir r atise  
c s s tl  ployed n t  fl sh to s naly .  
Th  vol e f the u s buil up st r i  h t s t b own li  pa nt  
t c r (Fi ur  1); v r l i  th m in p s fo  t lip uri g th  Fre h
p riod, wh r s from th 1580 , pi k la   ed lead  p ef rr . e s pa tion li
t e  u per n  lo  li  con ist d f a r  ke. T e esults confi m d t was
wr t by Hilli rd nd N rg , t  l  t b s fo ut er  ak , r  
le , and w m  [1,15]. V r li  i tifi  y cie if c n yses s n
additi n l igm t p s t.  
T e y s r inve tig t  everal ar :  s lin s,  li f l , n  the 
 c r . Th  y las  y li l  r  y r c i  bl ck r il te  
r igme t, p b bl rg c origi   parti lly d d. A , k lin  c v-
r the fi t nd a  m de f carb l k hat k lik  org ic b w pig
m n s (Figure 2 ); on r p t it ,  co i  p   be pp  ly o  t e
ey l h an n t o ye i  fold (Figur  2 ). T ly xc p  i E.1178-1988,
w r  th  f rst li s trac wit r d t ia . T s e f ey la h s s how
ly the port it f a  u know  w a (P.8-1945), w r d ts  int d n the
lower y l sh l (F gur 2b).
Hil ard wr te that t e o tlin s f the aci l featur s sh uld be drawn by a fine pen il 
(to b  underst d s  b s ) wit a faint r s  c lour made of a lake [15]; t is p ob bly 
cor esp nds t  th b own l n of or an c o igi see  during the analys s.  
Th eyes’ i ner corner, wh  vis ble, is painted wi h a r d material, the composition 
of which vari s for each i iature. 
Tab  3. Min at re by Ni ol s Hi liar  which h ve undergon  ech ical a d sc entific examina-
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bj s that h  p t d i  F nce ( . 4- , P. 5-1910)   port t f  u kn wn 
n (E.1177-1988) studi d in hi  a icl . It h te ised by hi ly ked an  f lly 
od l d les t n , ac v d y pplyin any layer of in . Th  nalys s sho e   
l  hi d arb l k tr x s t r d i h d p g n  rticl s, typ lly he -
tit   v r l o . Thi s l  i  c n i h th  fin i gs o  p r rait of H n i III, 
rec t y is ov r d nd ia   Hi i ’ rk  F n [20]. In t  s c d group 
f je ts, corr sponding h t listic c n during t e 1580s t f sh tones ppear 
p l , ith  p f r nce f r d l  s in r d nts, al h  he us  f red 
l k s, n fa d, c n t b  r  t. Y l ig t , s h as l d tin yell  and g e-
t e, w ls  i ntif ed, eldo  x  it z ite.  
he r lts r  d sc b d i  Table 3 n  c rob w t H li d d crib d in h s 
reatise. Le  it nd r d l a r  nde d th  t i ls  r c end  t  f r 
 rn tio ; in th  cas p l  o l xi n h us f the r  co pon nt, o eti es
ixe  ith all a nt of sti o  (  ha  at t s ri uld u d rs o
l ad ti  e lo [21,22]), s r e , her fo  s y on , masti o e and c re  
shoul d [15]. Si ila ixt  al c ib d by N rg , tho gh he does
n  e n t e us of astic  [1]. A i n lly, ci fic nal v  h  pr nc  
 ver i , ich a  i c u ge Hilli nd Norg t  n ir reatis  b s 
c tl mploy d in t  f h to  nalys d.
T e vol m f t e u a  bu l up tar  h t o s rt br wn li s i t  
 or (Fi ur 1); v r ili i  t m n pi t e fo  t lip  u i th Fr nch 
p io , h r s f om th 1580s, p k   e  l d r  p f r . T e s par tion l  
b t e  u per and lo  i  c n t d f re  l k . T esults confi m  w s 
r tt n Hilli rd d Nor as th mat r l  t b s d f h out  r  l , re  
l a , a  w e i m  [1,15]. Ver ili s i ntifie  y ci if c n lyses s  
iti l pig nt pr s t.  
The y s r v tig t d  v ra  are : s lines, the e elid f ld, nd th  
n c r. T  y l s  y li  r al y tr c  bl ck r ilut
r w igm t, p b bl  c origi   p rti lly f . A , ark li  cov-
r the fi t a d as m d f rb n k hat l ks like org ic br wn ig
m n s (Figure 2 );  r it , h c e p r  pp  l o  the 
y l sh a  h y li  f ld (Fi u  2b). Th nly xc t i n E.1178-1988, 
w th first l n r t c d w t m te ia . T p s e f la h  s how  
o ly the p rt it f u kn  w a (P.8-1945), wh r d ts a  p int d on the 
lower eyelash l e (F gur 2b).
H l rd w te that th o tlin s f t acial f tur s hou d e drawn by a fine pencil 
(to b  underst d s b us ) with a faint r s  colour made of a lake [15]; th s pr bably 
or esp nds t  th b own l n of or a c orig  s e during the analyses.
Th yes’ i ne  corn r, wh n vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iature.  
Tab  3. Min at r by Ni ol s Hi l ar  which h ve undergon  ech ical a d sc entific examina-
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o j c s that he p t d i  F n e ( . 4- , P. 5-1910)  a p rt t f a  unknown 
a  (E.1177-1988) s udi d in hi r icl . It r t ris y hi hly w ked and lly 
od l d fles t , c i v d y pplying any l yers of p i t. Th  analys s s o e  a 
 i n  c rb l k t ix s t r  t  p g ent rticl s, ty lly he
tite a  v r i on. Thi  s ls  i c a c th th  fin i s n a portrait of H n i III, 
rec t dis ov r d n  s ocia  to Hi d’ ork in Fr nc  [20]. In ec group 
f o j cts, cor sp di g o h  li tic c ang  during e 1580s, the fles  t nes appea  
p l , ith  p f ren f r d l d as in r nts, lt h use f r d 
l k s, o fade , cann  b r ed . Y igm s, suc  as le d tin yello  and g -
, we ls  i ntif d, l o  x  it  z rit .  
h  re l s r  d sc be T le 3 n  co r bo hat H lliar  cr bed in hi  
tre tise. Le w it nd r d l ad w r nde d th  t ls  o mend  to f r 
e ar ti ; in th  cas f p l  o l x n h  us f th  r d co p n nt, so eti e
ixe it s al  nt of asti  ( t a t t  p ri  s l   u d rs od
l a  ti  ye lo  [21 22]),  r d , here  fo s hy one, asti and c re  
h uld b d d [15]. Simila  m xt s r ls d ibe by N rg t , ltho g  he does
n n the u f asticot [1]. A d ion lly, c n f c a s r v le  h  pre nc  
f v r il , hich as iscour ged by H lli d n Norg t  n t ir tr atise    
c s s l mpl y d n t  fl h ton n ly e .   
T e vol  f t e u  as bu l up st r  h t o s rt br wn li  p t
c r (Figur  1); v rmili i  e m n p m use fo t e ip  du ing th  Frenc
p rio , r s om t 1580 , p k k  d ed ad r  p f rr . s tion lin
t e n u er l r li  c n ist d r  ke. The r sults confirme t w s
ri te Hill ard d N , as th mat i l  to b us f  h  ut  re , r d 
l ,  w m [1,15]. V li  as i tifi d by i tif c n lys s s  
d i al ig t pres t   
T y s  inv igat  v l r : i s, th  e id f d, nd the 
i  c r r. T  y las  d ey lid  w r  l y t c i  bl ck or  iluted 
br w igm t, prob b o c origi d p rti lly f d. A s n , d rk  l e c v-
r t e fi t  d as m  f b k at look ike rg ic b ow  pig-
m n s (F gure 2 ); n r r it  co i p r  b appl  nl o the 
ye h th yeli  f ld (Fi r 2 ) T ly xcept  is on E.1 78-1988,
e  fi t i  r tr c w t d m t a . T se ce f ey la h  is how
ly e p rtr t f u k o wo a (P.8-1945), wh re d ts  p int d n he
lower ey l sh l  (Figur 2b).
Hil rd wr te that th  o tlin s f t ac l featur s sho ld b drawn by a fine p ncil
(to b  underst d s b us ) with a f int r s  colour mad  of a lak [15]; thi  probably 
or esp nds t  t b own l n of or a ic origi  ee duri g t e analyses.  
Th yes’ i ne  corn r, wh  vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iature.  
Tab  3. Mi a re by Ni ol s Hi l ar  which h ve undergon  ech ical a d sc entific examina-














































 Lead white       
Vermilion      
Hematite      
Red lead       
Lead tin yellow I      
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obj c s tha he p t d  F nce . 4- , P.155-1910)  port i f u kn wn
n (E. 177-1988) s udi  in his r icl . It h r t is by hi ly w rk d nd lly
d d l s to , i v d y pplyin  any lay rs f p in . The nalys s s e  a
e d hi d c rb bl k t x t r d t r d pig t articles, typically a
it d v r il on. Th s ls  i acco anc ith th find s o  portrait of H n i III,
r c t is v r  and s o at  to Hi i d’  rk in Fr nc [20]. In t  s c  r up
f bjects, cor spo ding o h  t l stic c an  during 1580s, th fles  t e appe
p l , ith  p f r  f ed le  as n red p ts, alt  the us  f red 
l k s, fad , ca n b r . Y w pig , s h s lead tin yell w and g -
e, w r ls  i nt f d, ld  x i az rit .  
h  r lt d sc b d  Ta l 3 an  c ro ora e h H liar  crib d in hi
tr ti . Le d it   d l ad r nde d ri l   co m nd  t  se f r
 rn io ; in th c  p l o pl xi n h  us f th  r d co po nt, s meti e
ixe  i  s ll nt of ma i o  ( t a  at t s ri  s ld u s ood
l ti  llo  [21 22]), s duc d, he e for w t y n , stic te and c re
sho l  d d [15]. Si l  ixtu  a l c ib by N r t , thoug  he does
n  th  u of ast cot [1]. A diti na ly, ci ntific na s s v  th  pr s nc
of ver o , ich s i co ged b H l nd Norgat n h ir r atise   
c si l pl yed in t e f h t n  nalys d. 
T vol e f th u as buil u st rt g h t s rt b ow  li  pai t
c r (F gur  1); v r ili i  t m pi m d fo  t  li  u i  th  Frenc
p r o , r s om t 1580s, pi k a d e l d a  ferr d. s pa tion li
t n u r a l r li  c n ste  f a r  ak . Th s esults confi med at was
r t n y Hilliard  N g , s th mat r  to b  us d fo h  uth re a e, r
l , d w i m [1,15]. V ilio  a i tif  y ci if c n lyses s 
di ion l p nt r e t  
T y s r v tig   ev l r : li es, th i f ld, and 
i r r. T e s  y i  r  ral y c it  bl ck  ilut  
b w igm nt, b bly ori i p rti lly f d. A s n , ark  li c v
t e fi t a d as m d f a bo k n w at lo k  lik org ic bro  pig-
m  (F gu e 2 );  th  it ,  s c nd i p r  t e app i d nl  o the
y h n t ye id f ld (Fi ur 2 ) T n xcept  i o E.1 78- 988,
w r fi t l r tr c d w t  r d m t ia . T r ce f ey la h  s how
ly th p rt t f unk o w ma (P.8- 945), wh re do s  paint d n t e
lower eyel sh l e (F gur  2b).
Hil rd wr te th t th  o tlin s f th ac l f at s sh uld be drawn by a fine pencil
(to b  underst d s  b us ) with a f in  r s  col ur ade of a l k  [15]; this probably 
or esp nds t  t b wn l n of or an c origi  s en dur ng the analyses.  
Th yes’ i ne  corner, wh n vis ble, is pai ted wi h red material, the composition 
of which vari s for each mi iature. 
Tab  3. Mi a re by Ni ol s Hi l ar  which h ve un ergon  ech ical a d sc entific examina-














































 Lead white       
Vermilion      
Hematite      
Red lead       
Lead tin yellow I      
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
bj ts that he p t  i  Fr e ( . 4- , P. 5-1910)  p rtr it f  nkn wn
a (E.1177-1988) udi  in his ar icl . It h r t s b  hi hl w k d and lly 
od l d l sh t n s, ev d y lyin  any l y rs f p n . Th  na yses s e  
 whi nd c rb bl k t ix t d h pigm nt par ic es, typically h a
tite d e on. Th  s ls  in c nc ith the find s o  a p rtrait f H ri III,
c y dis v red nd ci t  Hillia d’ w rk in Fr nce [20]. I t co group
f bjects, cor sp nd g o hi  t li tic c a g du i  1580s t flesh t es app r 
p l , ith f re f r d le  a in red c p nts, alt u  the us  of red 
l k s  o fa , ca n t b r . Y w pig , s  as le d tin yello  and go -
, r lso i nt f d, s ldo  ixed it zurit .  
h r lts  d sc b d Ta le 3 n  rob at h  H lia  d cribed in hi
tr tis . L  hit  r d l ad r ndeed t  als  r c m d  t  se f r 
 r tion; i  th  c  of p l  o pl xi n h  us  f th r d co pon nt, me i e
ixe   s l  nt f tico  ( ha  at t s eri d sh l   un rs ood
l  tin ll  [21 22]), s d c , wh  fo  s t y one, asticote and oc res 
h l b d d [15]. S mil  m xtu  ar l ib  by N r t , lthoug  he do s
n t m n t e u of mastico e [1] A d tion lly, c en f c a s s ev l d th  pr enc
of v i , ich s i c g by H ll d n Norgat n ei  treatise  bu   
c s s e l mployed in t  fl h to  aly d.   
T  vol of th u as buil up st rt g h t o s rt brown li  pai t d
t or e (F gur  1); v rmili i  th m i pi s d fo  t lip during th  Fr nc
p r , r s om th 1580s, pin  ak s  d ar  ref rr d. e s p tion lin
t n u r an o r l c n ist   r  k . Th se esul s confi m d at was 
r t Hil rd a  N a , s t m t r l   b se f   m uth er  ke, red 
l d gm [1,15]. Ver li  s i tif  y ci tif c nalys s s n
it on l i m t pr se t  
T e y s r i v iga  ver l are : as lin , th  id fo , an  the
i c rn . T e  d y li l  r  r l y t c it  bl ck or  ilu  
b igm t, b bl  ri i p rti ly fad d. A s , dark r li e cov-
th fi st n d s m f a b l ck d what look  lik  rg ic brown pig-
m (F gu e 2 );   it , th co d i  p r  e pp i  nl on the
h n  t e i  fold (Fi ur  2 ) T e except i on E. 178-1988,
w f s tr c w r d m t i l. T r s nce f eyela h s show
ly h p rt t f  unk  w a (P.8-1945), where d ts r  painted n the
lowe  ey l sh l (F gur 2b).
H l d wr te that h  o tlin  f aci l features should be drawn by a fine pencil 
(t b  underst d s  b us ) with a f int r s  colour ade of a lake [15]; th s probably 
or esp ds t  t b o n l n of or a c origi  see during the analyses. 
Th yes’ i ne  corner, w n v s ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iature.  
Tabl  3. Mi a re by Ni ol s Hi l ar  which h ve ndergon  ech ical a d sc entific examina-
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obj s tha he p t  i Fr ce ( . 4- , P. 5-1910) d  p tr it of unkn wn 
 (E.1177-1988) s udi in i  rtic . It ha teris by hi hl o ked an  ul y 
d ll d l h ton , v d b  pplyin  ny l y s f p in . Th  nalys  howe  a
 i nd c rbo  b ck atr x tt r d h r d pigm nt ar ic s, typically h a
it  a  ver l n. Th s l in c nce ith t e f ndi gs o  a p rtrait of Henri II, 
c t y dis ov red  ss ci t  to Hi i ’ w rk in Franc [20]. In t  secon group 
f jects, cor sp ndin  o h  tylistic an duri t 1580s t flesh tone appea  
p l , it p f re e f d le as  red c mp ts, alth h the u  of red 
l k s o fad , ca t b r  t. Y low ig e , s h as le d tin y ll  and g -
, ls  i nt f ed, l m x  zuri .  
h  r ult r sc b d i Table 3 n  o r a wh  H lia d cribe  in hi  
ti . L d i  d a r nde d t  t ials  co me  to se f r 
 r tio ; i th  c s  f a p  o pl xi n h  us f he d c pon nt, someti e
mixe t  s ll n f tico ( t  at t s ri d s uld b  u de s ood 
l a  ti ell [21 22]), s r d ed, h r  for ar y ne, m sti te nd ochres
sho l  b  d d [15]. S l  ixtu a s ib by N r te, alth g e do s 
 m the us of masti ote [1] A i n lly, c n fic a ys s v aled th  pr enc  
o  v il , i h  i c g  by Hil d nd Norg  eir treatise  b  
c sis l mp y d in t  f h ton  n l sed.  
T vol e f th u as bu l up t rt g h t sh rt b wn line  pai t  
corne (F ur  1); ve ili n i th m n pi s d fo  t lip  uri g th  Fr nch
r , s rom th 1580 , p s n d r ferr . e s pa ti n lin  
n u r r li  con ste  f a r k . Thes esult  confi med hat was 
r t by Hil i rd nd N  a  at ri l to b use  f t e m ut ere ak , r d 
l , a d h i m [1,15]. V m li  i ntif d y cie tific an lyses s n 
a ti l gm t s t  
T e y s r i v i  v a ar : li es, th id fol , and th  
c r. Th lash y i l  w r  n r l y tr c i  bl ck r a lu  
igm , l  f g origi   arti lly fad d. A s n , darke  line cov-
r the fi t nd w  d f b k d hat l oks lik  org ic b ow  pig-
s (F gu e 2 ); t r it , h  cond in  p   be app ie  only on the
l h n an t t e id fo d (Fi ur  2b). T  xc pt i on E.1178-1988,
w  s l tr c w t r d m t ia . T  pr s nce f ey la hes s show
ly th p rt t f unk ow w a (P.8-1945), where d ts re painted n the
lo e  y l sh l e (F gure 2b).
Hil d wr t that th  o lin s f t aci l featur s should be drawn y a fine pencil 
(to b  underst d s  b us ) wit a f i t r s  c lour ade of a lake [15]; this prob bly 
or esp ds t  t b own l n of n c o igi  se du ing analyses.  
Th y s’ ne corner, wh  vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iatur . 
Tabl  3. Mi at re by Ni ol s Hi l ar which h ve undergon  ech ical a d sc entific examina-
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bj t a he p t d i F n e ( . 4- , P. 5-1910) d  portr it f  unk wn 
an (E.1177-1988) udi  in hi articl . It har ct rised by hi hly k d and f lly 
od l d l h ton s, chi v d lyin  any layers f p in . Th  nalys s sho e  a 
l  whi d rbo b ck tr x s t r  ith red pigm n  artic es, typi lly h a-
tit  d v r i on. Th  s ls  in d c th t e findi s o  a portrait of H nri III, 
ece dis ov r d ss c at  t  Hi i ’ w rk i Fra c  [20]. In  sec  gr up 
 jects, c r spond n  o h li ic cha g uring t e 1580s t flesh t es pp ar 
p l , i  p f rence f r d l d n re mp nts, alth ugh the us  of red 
l k s f , ca n t b r  t. Y low ig s, suc  as le d tin yell  n  g e-
,  als i nt f d, el  x  it z r . 
h re ults desc b d  Ta l  3  o r a e t H li  d crib d i his
tise. L d hi  r d l a r nde d t  ls h  c m nd d to se f r 
 ar ti ; i  th ca f p  o l xi n h  us  f the red co ponent, o eti s
ixe   l  n f st co e ( t m ha  at t s eri uld  u de s o d
l a  ti yello  [21 22]), s r c d, h r for s arthy one, masticot and oc res 
ho be d [15]. S mila  ixtu es ar s ib by N r t , lthoug  he oes 
n m n the u of asti te [1] A d lly, c n fic a v l d th  p e enc  
v il , ich  i co r g by Hilli d nd Norgat  eir reatises b  was 
c si tl mploy d in the f h to  nal ed. 
T e vol m f t u h as b l up t r g h t o sh t b own lines pai t  
a corn (F ur  1); v ili i th ma n pi t s d fo  lip  during the Fr nch 
io , her s om th 1580 , p n  n  l ad  ref rr d. e s par tion lin  
b w  u per r p con sted f a e  k . Thes r sults confirm d a  was 
r t by Hillia d nd N te t  m teri l  t  b s d f mout r  lak , red 
l , d e i m [1,15]. V rm li s id tifi d y ci tific an lys s as  
itio l ig nt s t
Th y s r i v t g t d s veral rea : li es, th e elid fol , nd the 
i . Th y l h y li l s er  g al y t c i  black r a ilut d 
igm t, l  g origi   p rti lly f . A s d, darker li  cov-
he fir t n nd s d f rbo k d hat l oks ik  orga ic br w pig-
s (Figur 2 ); n t e  ait , th n in  r   be ppli  nly on the 
sh n t th e d fold (Fi ure 2b) T  nly xcepti i  on E.1178-1988, 
 f  l tr c w t a d m te ia . T r s nce f ey la hes s shown 
o ly p rt t f unk ow wo a (P.8-1945), where d t  are painted o the 
lower ey lash l (F gure 2b).
Hil d r t that th  o tline f t aci l fe tur s hou d be d awn by a fine pencil 
(to b under t d s  b us ) with a f int r s colour m de of a lake [15]; this probably 
or esp ds t  t b own l n of or a c origi  s e during the analyses.  
Th y s’ i ne  corn r, wh n vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iature. 
Tabl  3. Mi at re by Ni ol s Hi l ar  which h ve undergon  ech ical a d sc entific examina-
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bj c s tha he p d i F ( . 4- , P. 5-1910)   ortr t f  unknown 
a (E. 177-1988) udi in his articl . It har t ri d by highly w k d and lly 
od l d fl h t n s, i v b pplyi g m y l y rs of int. The an lys s s owe  a 
 wh carb bl ck atr x s t r th red pigment articl s, typically h ma-
tit  a d v r i on. Th  s ls i  a nce th th  fi i gs on a portrait f H nri III, 
c t dis ov red d ss ci d to Hi d’ w rk i Fr c [20]. In th  s c  group 
 ject , c spondin o h lis i  han  urin 1580s t e fles  t es ppear 
p l , i  p f renc  f r d l d as i  red c mp ts, lt o h he us  of red 
l k s, f , cann t b r ed t. Y low ig t , such as le d ti  y ll  and g -
, l  i ntif d, s ld m x  t  zurite.  
 e lts r d sc b  Ta le 3 a  co r b a hat H llia d d crib d in his 
tis . L ad hi   r d l ad r nde d th  at l h  co mend  to us  fo  
 a tio ; t  c of p o lexi n us f the red c ponent, som tim s 
ixe   all n f sti o e ( t a  t t s peri  s uld understood 
l tin l [21 22]), s d, h for ar hy o e, a ti t an oc res
hou d be  [15]. Simil  xtu s r d c ib by N r t , alth gh h  oes 
n  th us of masti t [1]. Add n lly, c n fic an y s r v aled th  presenc  
o ve mi , ic  a i c ag  by H l d and N rga  n their tr atises b  w s 
c sis tl mpl y d n t  fl h to  nal s d. 
T  vol f e u as bu l up tart g t o sh t b wn lin s pai t  
c n r (F ur 1); v rmili i  t m pi nt sed fo  t ip  duri g the French 
p o , wh r s m th 1580 , p s n  d l ad  pr f rr . T e s a tion line
 p r a l r li  con ist d f a r  l ke. Thes results conf rmed t was 
ri t y Hil a d a  No e  as th materi l  t be s f   m uth were lake, r d 
l ,  w m [1,15]. V rm li w s i tif d by c tific an lyses as an 
di l m t s t
T y s  v ig t  s v r are : ines, the e id fo , and the
i r co r. T l  e li l s w r  r l y tr c i  black r a ilu d 
r w igm t, r l  c rigi  d parti lly fad d. A s nd, darker l ne c v-
 e fi t d as m d f b k d hat l oks ike org ic brown pig-
s (Figur 2 );  t er it , con i ars be ppli d only on the
h n t t e elid fo d (Fi ure 2b) T  xcepti  is on E.1178-1988, 
w r th fi t l tr c w t a d m te a . T r senc  f ey la hes is show
ly p r r t f unk ow woman (P.8-1945), where d ts are painted on the 
low  ey la h l (Figure 2b). 
Hil d wr t that th  tlines f t  c l featur sh uld b draw  b a fine pencil 
( o b und rst d s  b us ) with a f int r se colour ade of a lak  [15]; thi  probably 
or sp ds t  t b ow l n of or a c orig  ee  during t e analyses.  
Th y s’ i ne  corn r, wh  vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each mi iature.  
Tabl  3. Mi t r by Ni ol s Hi l ar  which h ve undergon  ech ical a d sc entific examina-
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obj s tha he p t d Fr  ( . 4- , P.155-1910) d  portr it of  unknown
n (E. 177-1988) tudi  in his rticl . It char t r s d by hi hly w rk d and lly
d l d fl h t n s, c i v d y plying any l rs of in . Th  nalyses sho ed a
i n c rb bl k t x s t r red p gment articles, typi ally he a-
ite d ver i on. Th s ls i c danc it t e findi s  a portrait f H n i III,
 dis ov re a  s t  to Hil ia d’ w k in Fra c [20]. In th seco gr up
 bjects, c sp ding o lis c chang  d ring 1580s, t fles  t  appear
p l , i h a f r nc  f d l d as  d omp n t , alth h the us  of red 
k s f , can t b . Y low pigm t , suc  as le d ti y ll  and go -
, r  l o i nt f ed, ld m x it  z rite.  
h  r lt r d c b d  Ta l 3 a  co rob r e hat H lliard d scribed in hi
is . L ad w it  r d l a w r ndeed t ri ls  r co m nded to e for
 a n ti ; i  th  c  of p l co l xi n h  us f the r d c ponent, sometim
ixe i l nt f asti o e ( ha at t s peri  sh uld  u erstoo
l tin y l  [21 22]), s d d, h for s arthy ne, m sti te an  oc r
sh u d b  d [15]. S mil r mixtu s ar  ibe  by N r at , lth gh he oe
n the u of ast cote [1] Add tionally, c t fic a a s v al d th  presence
of v rmi o , i h s i co age  by H l an  N rgat  heir treat ses but w s
c si tl pl d in the f h to  n l d.   
T vol e f th u as bu l up start g h t s rt br wn lines pai t
or e (F gur  1); v rmili  t m n pi t s d fo  t e lip  uri g the French
p o , h r s m t 1580 , pi k kes n e lead r  p f rred. T e s pa tion lin
 upper l r li  con st  f a r  lake. Thes results confi me at w s
ri t n y li d No g , s th  materi l  to b used f h m uth re lake, red
l d w igm [1,15]. V rmi i s i tif d y ci tific an lys s as a
iti l t r t  
T y s r v ig d  v r l re :  lines, the id f ld, and he
i n rn r. Th l y l d l s wer  g e al y r c wit  black r a ilu ed 
br i m , l  o c origi n pa ti lly f d. A s nd, darke  line cov
 e fir t  nd as m d f rb n k d w at looks ik org ic brown pig-
 (F gu 2 ); t l r r it , th cond i p rs t be appli d nly on the
an  t e ye id fold (Fi ur  2b) T  xcepti  is on E.1178-1988,
w r  th f l trac w t  a r d m terial. T r nce f ey la hes s show
ly p r r f unk ow wom n (P.8-1945), where dots are painted on the
lowe eyelash l n (Fig re 2b . 
Hil d wr t th  th  o tlines f th aci l feat s should be drawn by a fine pencil
( b under t d   b us ) with f int r s  colour ade of a lake [15]; this pr bably
or esp ds t t b wn l n of or an c origi  s e  during the analyses.  
Th y s’ i ne  corner, wh n vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Mi t re by Ni ol s Hi l ar  which h ve un ergon  ech ical a d sc entific examina-
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bj s tha he p t d i Fr c  ( . 4- , P. 5-1910) d a portr it of  nknown 
n (E. 177-1988) studi   hi  article. It har t ris by hi hl  w k d and ully 
d ll fl h ton s, a v d b  plying any l yers f n . Th  n yses s owed a 
 hi n c rb bl ck t ix s t r d it  red pigment articl s, typically hema-
it  e n. Th  ls in dan e it t e fi i s  a portrait of H nri III, 
ce t y dis v re n  s ci t t H llia d’ work in Fr c [20]. In the seco d gr up 
 ject , c sp ndin  h t listic c a g du ing 1580s t flesh tones appear 
p l , i a p f re c  f r d l  as i  r d comp n nts, alt  the us  of red 
l k s , ann t b  . Y low ig e t , suc  as lead tin y ll w and go -
, r  l  i nt f d, eld  ix  it  zu t .  
h r lts r d sc b d  Ta l  3 an  co rob r t hat H llia d d scribed in his 
is . L d hit  r d l ad w r deed t  at r al  r comm nde  to se for 
 n tio ; i th c of a p l co pl xion h  us  f the r d co po ent, s metimes 
ixe   ll n f m tico e ( m ha  at t s p ri  sh uld b  und rstoo  
l tin y ll [21 22]), as duced, h r a or swa thy ne, asticot and ochre  
should d d [15]. S il r mixtu s r  a  ib  by N r at , ltho gh he oes 
n  t u of asti t [1] A d n lly, c n ific a a s s ev aled th  pr sence 
of v i o , ch s i c age  by H ll d n  N rga  eir treatises but was 
sis l mpl d in t e fl sh to nalys . 
T  vol e f th u as buil up t rt g h t o s rt br wn li s paint  
t r e (F gur  1); v rmili i  t m i  pi t sed fo  t e lips uring the French
r o , h s rom th 1580 , p k s d e l ad ar  pr f rr d. T sepa tio  line
 u per a r li c n sted f a r  l k . These r sults confi med at was 
wri t n y Hi lia  and N g  s t mat i ls to b us  f  h  uth ere l ke, red 
l d a d igme [1,15]. V m lion s ide tif y ci tific an lyses as a
d tion l p m t r t
e y s w r  ve ig  v r l rea :  a h lines, the id fold, and the
i c r r. T l  y lid l s w r g n al y tr c i  black r a ilu ed 
br igm , b bly ri i parti ly f d. A s nd, darker line cov-
t fi t a d as m d of bo l k and what looks like orga ic brown pig-
m s (F gur 2 );  e  r t , th cond i  p rs be appl d nly on the 
h  an t t e e id fold (Figur  2b T  excepti  is on E.1178-1988, 
w th  f l s tr c w t  r d m te ial. T  r nce f eyela hes s show
ly n h p rtr t f  unk ow woman (P.8-1945), where dots are painted on the 
low  yelash l n  (Figure 2b). 
Hil d wr t that th  o t ines f th aci l fe tures should be drawn by a fine pencil 
( b underst d s  b us ) with a f int r s  colour ade of  lake [15]; this probably 
or esp ds t  t b own l n of or an c origi  ee during the analyses.  
Th y s’ i ne  corner, wh n vis ble, i  pai ted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Mi t re by Ni ol s Hi l ar  which h ve ndergon  ech ical a d sc entific examina-
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bjects that e p i t d  F anc P. 54-1910, P. 55-19 0) d t a  of n u kn
an (E.1177-1988) studi in t i icl . It is h t ris  b  i o k  ul y
o e led flesh tones, c eved by a plyi g a y lay s f p int. The a l se  sho ed  
lead w it nd arbon black tr x c tt r t pig p t cle , ty i ly he -
tite and v r ili . Thi  is al o i  anc  th th fi gs n a r  of H II,
recently disc r d  oc a  t Hil r ’s k n F c  [20]. In t s c gro
f objec s, c r spo di g t his styl stic c ng ring h 1580s, t e f s o p ar
pal , with a pr fe ence f r re l d s th  ai  r c p n nt , l h ugh h    r d 
lak s, no faded, cannot b r le o t. Y ll w pig nts, h  l a  i y l nd go -
t ite, w re lso i en ified, ldom x  w th z rite.  
h  r lts de c ibe n Ta l 3 an  r b a e h t ll e c ibe in hi
reatise. Lead it  an  r  l ad r  i ed a rials  reco m nd t s f r
the carna io ; n the case of p le co pl x on th  use of he r c p n nt o i s
mixed with a sm ll mount of asti ote (a ter  t t i p ri d sh d b  u s o d
s lea ti  yellow [21,22]), was e uc , ere s fo  sw h  n , asticot  an c r
shoul  be d d [15]. Similar m xtur r  al escribed b  Norgat , lthou  h  o s
no  m ti  h  use of mast cote [1]. A d t on lly, sc n f  a s v ed th  p n
of vermilio , hich was disc urag d b Hi l ar  nd Norg e i  t ir r atis u w s 
co sist tly e pl d in t  fl sh tones ly d.  
The volu of the ut  built u  st r  h t  s t o ines p i t d
at the co er (Figure 1); v r ilio   the m i ent s f  t  li u ng th  Fr n
p riod, wh r as from t e 1580s, p  l k d d l ad ar  p f r d. T e tion li
et  upper d l w r lip c nsi t  of a e ake. T e e ul s co f wh  w s 
ritt n by illi r  a d N rg t , s th t ri l  b s  for e u h  a e, r
lea ,  a wh  [1,15]. Ver ilio as i nt f d by c en ific an lyses s  
additional pigm t pr s nt.  
The y s w  i vestig t d i ve al are : e li , i f , 
inner corn r. Th  y l sh a ey l d  ly c it  l k  ilu
b own pigment, pr bably f g ic ig a d p ti y f . A , rke  l  c v
er d t e fi t o e and was mad  f carbo  bla k  t k lik  org ic b  ig-
m nt  (F gure 2 ); n e t r port its, s lin  ap  p d l th
eyela h lin  and ot on  yeli  f ld (Figur  2 ). T y xc p n i  E. 178-1988,
where th first li s are rac d i  a r d m t i l. Th p e f ey lash s is h
nly n the portrait of an unknow w ma (P.8-1945), w r  dots a p int d n the
lower eyelash line (Figur  2b).
Hilliard wrote th  h  outlin s f t e fac al f t es ho rawn by a fine pencil
(to be under too as a brus ) wit  a fain  ros  c lour mad of a l k  [15]; thi  p b bly
corresponds to th  br wn lin  of orga ic o igi  en dur g t analy s.
The eyes’ i ner corn r, w n v sible, is painted with r d mater al, t e compo iti n 
of which varies for each mi iature. 
Table 3. Miniatur s b  Nicholas Hi liard w ich hav  un ergone technic  a d scientific ex min -














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
j cts th t p d  Fr c  P. 4-19 0, P. 5-1910) and ra  f  kn wn
 (E.1177-1988) studi t i r ic . It is ar ri  hi l k d an  lly
o lle  l sh tones, ac v  y a lying y l e of p nt. Th  an ys s sho e   
l ad w e nd c n black t x s t r p g n p rticl , y lly -
tite i . Th  s also i c r n t th  fi gs n a por rait of H i II,
r c nt d s v r d  i Hi ard’s k in Fr  [20]. In h s nd r p
f o je , c r sp di g to his st l ti g d i 1580s e f s t  appear
al , h a pr ference for r  l d t  in r  c p n nt , alth ug  h u  d 
k s, f , cannot b  ru ed ut. Y l ig nt , c  s l d ti yell  n g -
t , r  als  iden i , l om x t  zu e.  
 r lts r esc ib n T 3 n  o r b t t Hilli  d sc d in hi
r ti e. L it an  r ad r i de a i l  r co m nd d to se f
he car i ; he c f a p l  co pl x on t us of he r d c ent, ti es
mixe t  all m nt f sti e (a  a  i d uld e u rs d
s le ti  y l w [21 22]), w s c , e s fo  a hy , ma ticote n c
h u d b add  [15]. S mila xtur  l o i ed b  N rg e, lthough h  doe
o m t  use f s co e [1]  A ion l y, ci tifi an s r e  he pr nc
f ve milion, i h as i c ur g d by Hi i an Norg i  eir tr tise b t w s
c s st ly e pl d in t fl to nal ed.
 volum f t  ut a  b ilt up r i  t  s o t bro n in s p t d 
t t  e (Figu 1); v rmili  i  t  m n g nt use f r  lip  u ng h  Fr h
i , w r s m t e 1580s, p r  a a p fe e . tion lin
upp r r li  c nsist d  a r a . T r sul s c fir e w  w s
ri n b lli r  No g t ,  t  at r ls  f r he u  re ke, r
l ,  wh  m [1,15]. V rm ion i fi  by sc tific n lyses s n 
a itio  pig e t pr t
T e ey s w v s ig t  i  eve l r : i e , th e id f , d
 c r r. Th  l e l  li r  lly t ace wit  bl ck  ilu d 
b n pigm nt, pr bl f i ri i d p t y f d . A c d, rke  l v
r  f   a  s m  f c rb b k w t l ks l k  g ic b w  ig-
n (F gur 2 ); tr ts, s  p  b pli  o n the
y nd t th  y  f ld (Fi r 2b) T  l xc io  i on E.117 -1988, 
h r i t i   t c th  m te . T  senc f e lashes s show
nly n the p rtr t of n unk own wo a  (P.8-1945), w re dots are painted on he
lo e y l  line (Fig r 2 ).
Hilli rd te tha  he n f t e f c al f t e h d draw a fine p ncil
(t b  und r t d   b us ) with  f in ros c lour mad of  l k  [15]; thi  pr b bly 
cor espon s to th b lin  f orga ic ig  en du i g analyses.
Th eyes’ ner corn r, w en v sible, is painted with red material, the composition 
of which varies for each miniature.  
T bl  3. Mi i r s b  Nicholas Hilliard w ich hav  n ergone technic l and scientific examina-
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o j c s th  p d  Franc P. 4-19 0, P.155-1910) and po r f  kn wn
n (E.1177-1988) studi i r i . I i  r r  hig l  work d an  lly
ell  fl sh ones, a v d y p l i  a y l e f p n . Th  ana ys s s owe  
ad w t nd c n l k x s t ere red p g en p rticl s, typi lly a-
tite  i n. T s l o i  c n t th fi s on a portrait of H i II,
c t d sc r d a  o i Hi rd’ k i  Fr nc  [20]. In th s d ro p
f objec , c r spondi g to hi  st l sti ng i 1580s, fl s  t ne  appea
al ,  a pr fere ce f r l d as t in r comp n nt , alth ug  h u  of r d 
k s, n f , cann b r l t. Y l w ig nt , c s l ad ti y ll w an g -
e, w re ls  iden i d, l om xed t  z t . 
h r lt c ib in a 3 a  co r bo te w t il i  cr b d in hi
ti e. L  it   d ad r d d t l  reco m nd d to  f
t e car i ; n the c f a p l  c pl xion th  use f he red c p e t, etim
x  ith  all a nt f a i o  (a t r  a  at s p i d sh uld u rs d
s l ti  ye l w [21,22]), w s c , s fo  sw t y , sticote  c
h l b d  [15]. S mila xtur s a  o i  b  N rg te, lthoug  he d e
nti t us of ma co [1]. A i n ly, ci fi  an s s e  th  p s nc
vermilion, i h w s i c g  y Hi n  N rg t  eir treatise  b t w s
co s st ly pl d n t f t n ed. 
 volu f t u wa  buil  u t r  i  t t br w  lin s pai ed 
at th c  (F gur  1); ve m lio t ma n gm t s for e ip  u ing h  Fr c
, w r as fr m t 1580s, p nk e lea  f red. T  atio lin
e u p r l r li  c s st of a e ke. T e sul s c fi d a  was
r n y H i rd  N g e s t te l u f r e u h er ke, r  
l ,  w i m  [1,15]. Vermi io  s i tif e  y sc e tific n lyses s an 
a ditio p pr t. 
 e s w i ves igated i  eve l re : t i e , th e i fo , d
cor . The l e l  l s wer  lly c it  bl k r il d 
br w p m nt, bly f n  ri i d p t y f d d. A e , rk  l c v
r   s  o n s d f carb b a k t l ks lik  rg ic  pig-
(F gur 2 ); h a r ,   p s t b pli d on  on the
y a i and th y  fold (F ur  2b) T  xc p i  i  on E.1 78-1988, 
w r i t li  ar tr c th  d m ia . T  res nc  f ey la hes s show
ly o th p rtr i of a  u k own wom  (P.8-1945), where do s are painted on t e
lo e y h l n (Fig r 2 .
Hilli rd r te that t  n f t c al f t h d b drawn y a fine pencil
(t b  und r t d   brus ) with  f in ros c l ur ade of a l k  [15]; thi  pr b bly
cor espon s to th b lin f orga ic ig  en du g analyses. 
Th eyes’ ner corn r, w n v sible, is painted with red material, the composition 
of which vari s for each miniature.  
T bl  3. Mini t r s b  Nicholas Hi l ard w ich have erg ne tech ic l and scientific examina-














































 Lead white         
Vermilion       
Hematite        
Red lead       
Lead tin yellow I       
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obje ts th pa d  Fr n . 4- , P. 5-1910) nd po r f  known
n (E.1177-1988) st d t i ic . It  har i b  hi l w k d an  lly
l  l sh ones, ac v y p l i  any l e s f p n . Th  an yses showe   
ea wh nd c b n l k a r x s tt re  red p g e p rticl s, ypic lly h ma-
ite a  i . T  l o i c r n t  th  fi gs n a portrait of H i II  
c y d s r d  a H l ar ’ w k i  Fr nc  [20]. I th seco  r u
f jec , c r sp nd g o hi s l stic c g d i t 1580s t e fles  t e  appear
al ,  a p f re c f r l th ain  co p n nt , alt gh h u  of red 
k n f d , nn t b  r d t. Y l  ig nts, suc  l d ti y ll and g -
t , r  ls  iden ed, l x it z t . 
Th  r lts  sc b  b  3  c rob t t il i  scribed in hi
r i e. L i an  r d ad r i de d a al r co m nd d to se f r
ar i ; i th ca a p c pl xion th  us f e r d co o e t, metim s 
xe i  all nt f a ti ote ( t r  a  at per d uld  u rs o d
 le tin yell  [21,22]), was c ,  o   swa t y n , sticot an  c  
h l  b ad [15]. S milar m xtur s  o i  b  N r te, ltho g  he oe  
o m i t e us of ma co [1] A tion lly, sci fi  a a s d th  p s nce
f v ilion, i h was i c u ag  by Hi li r an Norg t  hei  re tise  but w s 
si tently pl y d in t fl s to naly .  
 volu of t  u as b il  u t r  i  t s t brow  li s pai d 
at th c e  (Figur 1); ve m lio is th  m in pig u for ip  u ing th  Fr c  
i , s f om the 1580 , p e l a r  f rr . T tion li
e r er c si t of  e  l . T sul s c fir a w s
wr e  y ll r a d No g e,  t t r l b u d f r e u h ere ak , r  
l ,  e gm  [1,15]. Ve m lion as i f  y sci tific n lyses s an 
ition  t pre t. 
T  y  i ves g te  i eve l re : t e eyelash i e , the eli f , 
c r r. T e las l  li s re lly t c wi  bl ck o   ilu d
br p gm nt, pr bl f r  ri i  p t y f d . A s d, rke  l c v
r  h  r t o  s d  f carb b k hat l ks lik  g ic n pig-
(F gur 2 ); n h l tr , h  l p s b pl d only on th
li and ot  t  fo d (F ur  2b  T  nl exc p i  i  on E.1178-1988, 
i li s e tr c it  d mate ial. T  res nc  of ey la h s show
ly n e portr t f n unknown woma  (P.8-1945), where dot  ar  painted on the 
lo e y h l n (Fig r 2 ).
Hil i d r te tha  t  n f c al fe t e h u d b drawn y a fine pencil
(t b und r t od   brus ) with  f in ros  c lour made of  l ke [15]; th  prob bly 
cor espo s to  b lin  f orga ic ig  en du ing analyses. 
Th eyes’ ner corn r, w en v sible, is painted wi h red material, the composition 
of which vari s for each miniatur .  
T bl  3. Mini t r b  Nicholas Hilliard w ich hav  n ergone tech ic l and sc entific examina-
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obj s t t  p d Fr c  ( . 4- , P. 5-1910) d po tr t f  known
n (E. 177-1988) stu i t i r ic e. It i h t ri b  ig o k d an ully
e l  l h ones, c v  b  p l i  any l e s f p n . Th  an yses howe   
ad wh nd c rb n b ck x s tt r  p g en rticl s, ty ic lly he a-
ite m l n. T i  s als i  or a th t  f i s n  rtrait of H i II,
r c l d s r d  i  Hi ard’ w k i  Fr nc  [20]. In h  s n  grou
f bje , c r sp ndi g o hi  tylis ic c g ing t 1580s, fles  tone app ar
l , a pr f renc f r  th ain  comp n nt , altho gh h u  of red 
k n f d d, c n t be r u . Y llow ig en s, c  as l d tin y l w a  g e-
, w re ls  i en ed, l m x it zu te. 
T r lts sc ib  Tabl 3 a  o r t h t l i  d cribe  in his
ti e. L it n  r d ad r d d at i l  r c m nded to se f r
 a n i ; i th c f p  pl xion th us f he r co po ent, metim s
x w th a m ll n f a ti o  (   a at s p ri d s uld b  u to d 
 l tin yello  [21,22]), s r c , s fo  sw t y ne, masticote  c r
h l  b d [15]. S ar xtur s   ibe by N r te, lthoug he doe
ot me  us f ma o [1]. Ad it n lly, c fic ana s s v l d th  p sence
ve il on, i h was i c  y Hi li r  an Norgat   h ir re ise but was 
co si t tly pl yed n the fl t nal d.  
 volum f t u h s b il  u r g i  tw h t br w  li es pai t d 
at th  c e  (Figu 1); v m lio i  th  m  ig s o  ips uring he Fr c
, r s fr m the 1580 , p l d ar  f red. T e atio li
e l er i c s st o a  la . T es sul  c fi ed ha  w s
ri e by l i r a d N rg  s teri ls u f r m u h er ke, r
l a ,  h gme  [1,15]. V rm i  s id t fied y ci tific n lyses s an 
a ition p t. 
e e  e v s at  i ve al re : s i e , the e i  fo , nd
er corn r. Th  l  l  li s r r l y t ac wi h bl ck r  ilu ed 
b w p gm nt, p bly f rga c rig rt y f d . A s n , rke  l ne c v
r h  i on  nd w s  f c rb k d h t l ks l k g ic own pig-
(F gur 2 ); tr t , h  n  i pp s b a pli d on on the
y l li   t t e el  fo d (F ur  2b). T  l xc p i  i  on E.1178-1988, 
i s  a  tr c i h  d mate l. T  pr nc f ey la hes s show
nly the portr it f a unk w woman (P.8-1945), where d ts are painted on the 
lo e y a h l  (Fig r 2 ).
Hil i rd r t tha t  n f t e c al f t e hou d b dra n y a fine p nci
(t b  und t d   brus ) with f i t r s c lour made of a lak  [15]; thi  prob bly 
cor spon s to  b l f g c ig  du ing analyses. 
Th ey s’ ner corn r, w  v s bl , is painted wi h a red material, the composition 
of which vari s for each miniature.  
T bl  3. Mini t r b  Ni ol s Hi li rd w ich have n ergone ech ical a d sc entific examina-
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bj cts that e p int d in Fr c  (P.154-1910, P. 55-19 0)   t   u k o
(E.1177-1988) studied in thi ic . It is c a a t is b i o k nd ul y
delled lesh t n s, ac eve by applying y l y s of pai . The a a ys d
a  w it nd c rb  bl ck trix sc t r  th p g ent p rt c , t p ly h
ite a v r ili . Th  al  in c r a ce t f ng n a r r it of H  III
rec n ly disc ered  s i e t  Hi l r ’s rk in F [20]. I t  n grou
f obj ts, c r ponding to his st listic h ng d i t  1580 , f s ppe r
pal , ith a pr eren  for re  l  s h  i  r  nt , alt g t   
lak s, no  f de , a ot b  r le  out. Yell w i n s, c le  ti y ll  n  g -
i , ere ls  i nt fi , s l m ix it azu t  
r l s r  cr be  in T l 3 d r bo  t lli r e i i hi
tre ise. L w it  and red ad er nde th  als h r co n e  t e fo
the c r atio ; i  c f a pale o l x on th u f the d c p n , tim s
mixed ith a sm l mo nt of as te (a r  a  a t i peri ul  b u st od
s l d tin yell w [21,22]), w  educ ,   war h  , c res
should b  added [15]. Simila  xt es re a s ibed by N g t l h  h  e
n  m tion th  us of masticote [1]. A i iona ly, ci tif c a y s r ve d  pr nce 
of vermilion, which was i c ur g  y H i N r  i  i r atise b  
nsist tly empl ed n th  f sh t s na sed.  
T  volu  f t e mout b ilt up t r i ith t o t br i e  p i t
t h  c r r (Figure 1); v r li  h  i i m s o  t e  d i th c
r od, w er s fr m t e 1580 , pink  a  d l d  ef r . T e ti li e
et ee  upper a  low  li o s ste  f a r a . Th s  ult  c f  w t was
ritt n b Hilli rd a d N g t ,  h te als   us f r t e uth e ke, red 
l ad, a d  whi  m t [1,15]. V m i n s f e  b  c e if c lyse s 
addi iona  pigm nt pr e t.
e e es were i ves i t d i  ve l a s: t e li e , t i f l , the
in  c r r. Th  l   yelid li s r e lly c d it   b ck l
br w p m nt, pr b bly f rga ic orig  d ti y f d . A d, rk li v-
r  t  f  on  nd w s m d  f c bo  bl k  at lo k  k g ic b w  pig-
en s (F gur  2a);  t r po t i s, s l n  p rs t b pp   n th
yela h in d o on t e ye d fold (Figu 2b . T  l xc p i  i E.1 7 -1988,
w r  th  i st i s a  trac d wit  a r d m ter . Th  p nce f s i sh
nly on h po trai f an unknown wom  (P.8- 945), w er do r  p i t e
lo er y l sh li e (Figure 2b .
Hilliard wrote that th  ou line f f c al f atures sh l d aw  a fine p il
(to be unde tood as a b ush) with a fai t ros col ur m d of  lak  [15]; t s p bably
corresponds to t e brown li es of g c orig n n du g analys s.
Th  eyes’ ner corner, when visibl , is painted with a red terial, the composition 
of which varies for each i iatur . 
Tabl  3. Miniatur s by Nicholas Hilli rd which hav  undergone technical an  scientific ex mina-
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obj cts th t e p in i  Fr c . 4- 1 , P. 5-1910)  r t f  u k o
n (E.1177-1988) u ied in this a icle. It ri b  igh k d and ul y
odell d flesh ton s, ac ev by ppl i g a l y rs f p i . T e a yses e
l  h d ca bon bl ck tr x scat t p g e t art c s, typ ally he a-
it  an r ili . Th   l i cor a  t f g  n  r r it f H i III
c ntly sc red  so i t t  H ll r ’s rk i  F [20]. I s gro p
f obje s, corr p n i g his st listic c ng du i h 1580 , f s pp  
pal , it   p r nc f r e l d as t  ai   o p t , alt g t e u  r  
l k s, f , ann t b  r e o t. Y l w i n s, u le tin y l  n  g -
i e, w re ls  i t e , ldom ix t zu it  
T r lt r  d c b   Tabl 3 a d r b t  wh t lli r d c i hi
tre i e. L d i  nd r  l a w r e th  r als h r c nd  to fo
the c rnati ; i  c s  o p e co pl x o t  us of e d c p ent, t e
mixe  ith a sm l u t of a t cot ( t r  h at t i  p ri oul  b u s d
 l ti  yell [21,22]), wa r u , her  o   war hy on , n c e
s ould be a e  [15]. Similar m xtu es r  a s s ib d b  N g t lth gh d  
n  m i n t  us f masticot [1]. A io ly, ci if a es r e d h  pr nc
ve ili n, hich wa  i c ur g d H l i  N rg i i  tr a ise bu s 
siste tly e pl y d  t e f sh t n e .
volu of t e mou built u st in wi  t br n i s i  
at h  r  (Figur 1); v rmili  m i n s o  t e  in h Fre c  
p d, r s fr m the 1580s, pi k k s an  re l ad e f r . T i l
et een upp r  l r p c s st d f e  ak . T s  l  co fi ed w at was
wri by Hilli rd a  No ate, h r ls o  u d f r t e ut  e e k , r  
l d, a d  w it igm t [1,15]. Ve m i n s tifi  b  c e if c lyses s  
additi  pi m t p e t.
e e e inves i at d i  s v l e : e li e , th  eli f ,  
n  cor er. The l lid li r  lly c    bl k   l  
br w m , pr bly f i ri  i l y f . A o , rk li  ov-
r  t  f   n  s mad f c b n b k h t lo k ik rg ic b w pig-
n  (F gur 2a); o h l er p t i s, co  l  pp  p   on th  
y la  i  o  t ye id fold (Figu 2b . T  ly xc p o  i  E.1 7 -1988, 
wh r   fi st i s a tr ce wit  a d m ial. Th  p s nc  f  is show
nly n h po r i  f an unknow  om (P.8-1945), w r d  ar  painted o e
lower eyela h l e (Figur 2b .
Hilliard wr te that h  lin  f h f cial fe tu sh l d aw  b a fine p il
(to be unde tood a  a b ush) with a fain  ros col ur m d  of l k [15]; t s pr bably
cor esponds o t brow lines of g c orig n dur g t e analys s.
The eyes’ i ner corner, w en v sible, is painted wi h red terial, the composition 
of whic  varies for eac  i iatur .  
T bl 3. Miniature by Nicholas Hilliard which hav  undergone technic l an  sc entific examina-
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j cts th  p i Fr c  (P 154-1910, P.155-1910) d ortrait f  nk own
n (E.1177-1988) tudi i  t i ic e. It i  c aract  b h gh orked and ful y 
od ll  s to , h eve by p l ng a y l ye s f p n . Th  y es w d a
l w  d c  b k t x s at ered t r d pi ment p rticl s, pi lly he a-
i  i i . Th l i  c  w t th  f in s n a por r it f H ri III,
c t y disc v  i e  o Hilli r ’ ork i Fr nc  [20]. In th second group
f bj corr p i g h s t is ic ha u i th 1580s,  fl s t ne pp ar 
p l , wit re enc f r e  l   in  c p nents, l h the us  of red 
k ,  f , a t b r le  u . Ye low pigm nt , su  s l d in y llow n  goe-
, w  ls i t f , s l m mix t zu t . 
T r ul  c b in Tabl 3 n  c rr bor t w  Hilli rd describe  i hi
r i e. L i  n a w r e  th  e ls h  co m nded to e f
t c a io ; i  c e a p l c plexi  t us f he r d comp nent, s ti
x i  s l f co e (  th  t s p ri  s ul  be u e stoo
 l in ell w [21 22]), w  u e , w s or a a y e, a ti t n oc res
ou b ad ed [15]. S mila  m xtur s   c i b  N rgat , lth g h  d e
o  m on e u of m s icot [1]. A n lly, ci tific a alys r aled th p es nc  
v r ilio , i h wa  i c u e  b H l i n  Norga e in th ir tr a se  but was
s ste ly mpl y  f s s na y e . 
T  v lu of t e m ut s b i t u  t i g  t t b w  li s pa nt
at h c (Fi r 1); v i io i he m pi m  s o  i  i g the French
, s r m the 1580s, p a s n  r l a   pr f r d. Th  s paration li e
b t en u r a l  l p c i t of e . T e r s lt  co f m d w at was
r te  Hill ar   N g te  e m t ri ls  b  u  f r  mou h ere l k , red 
l , d it [1,15]. Ve mi i  ifi d by sc tific a lyses as n
ddi l i me t .  
Th  ey s er i v sti t  i  ev l e : he eye ash li es, t e e li  fol , nd the 
i  or r. T  e l s el  li r rally ce  it  a bla k r a d lut  
r w i m t, bly f g ic rig  arti y f . A sec nd, rke  lin cov-
r d  f r t w s d f ca b  k d wha  looks l k  org ic row pig-
(F gur 2 ); th t r p t i   ond  ars t be ppl d nly on the
l s  i e  o  n t ey l d fo d (F gu 2b . T  o xcep ion i  on E.1178-1988,
w r  st i es rac d h  d mate i l. T e pres c of eye ash s is shown 
only on h po ra of n unk wom  (P.8- 945), where dot  are p inted o the
lo e y s l (Figur 2b .
Hillia d rote th t the lin s f the f cial fe tur shoul be d w  fine pencil 
(t e un e t d a  a b us ) w  a f ros lour m de of  lake [15]; this pr bably
cor spo ds o t b o  lines of g c orig n s n du ing analyses.  
Th  eyes’ ner corner, when visible, is painted with a red material, the composition 
of ic  varies for eac  i iature. 
T bl  3. Mi i ures by Nicholas Hilliard which have ndergone technical and scientific examina-
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o j c s t  p i F  (P 154-19 0, P.155-1910) a d ortr it f unk own
(E.1177-1988) tudi in t is ic . It is act r b h gh orked d fully 
d ll d l h n s, h ev  y a l ng l s of p in . The a lyses sh wed 
l wh e d c l k ix s tere t re  p gme t particl , t pi ally h a-
i e il . T  al i  cor t  th  f n i gs n a or rai  f Henri III,
c tly disc v  ia e  t  Hilli r ’ ork i Fr nc  [20]. In the secon gr up
f bj c rr po i g o h  istic ha g ri t 1580s, t e fl sh t n s pp ar 
l , wi  re e c  fo  l a s th n  p ne ts, lth ug  t e use of red 
k s, n  f , ann b rule  u . Y llow pigm nt , su  as d tin y llo  n  g e-
h e, r  lso n f e , s ldom mix h zu te. 
T r l cr b  i  T bl 3 c r orat what Hilliard d scribed in hi
i e. L i a d a w r e  h  l h  r co m nded o fo
the ca na i ; i th c  p le plexio  t  us of t e r d co p n nt, so ti  
x it  a s l m n of co e (  h  t s p r d s oul  b un rstood
 l in l w [21,22]), as du , s or r hy e, m i t an ochre
oul b  ad d [15]. S il  m x ur s e  c ib d b  Norgate, lth gh h  d e
o  ion t us  of s icote [1]. Add i nally, ci t fic anal s s revea ed th  pr s nce 
v r ili n ich s i c e  Hil i an  N rga e n thei  treat s s but was
sis n ly employ d  e f s an y e . 
Th volu  f t e out s b i u  t t g i  t o  br w li s pai  
at  r  (Fi r 1); v i o h a i m t us or e li  ri g the F nch
, er s from h 1580s, pi  and  l a  ref r d. Th  s pa tio  li e
b u r a r l  c i t  of a a e. T ese r sults co f m d at w s
ri   H lli r  N g e,  t  ls to  f r t  mou were l k , re  
l d,  ite gm  [1,15]. Ve mi i n  i i  by sc tific a lyses as a  
di i t re . 
Th  eyes er i v stigat  i  s ve l e s: the e lash lin s, the ey lid fol , and the 
i c r . T y l sh e l  w r rally c  it  a bl ck or a iluted 
w m , ly f rg i  rig d arti l y f . A s c nd, arker li  cov-
r d  t n n made f carb k d what l ks l ke org nic brow pig-
n s (F gur 2 ); o th l t r p ai ,  e ond n  p ars t be ppl d nly on the 
y l i   o  n t ey l fo d (Figu 2b . T  nl xcep i  i  on E.1178-1988,
w r he i st es r tr c d w th a d mate ial. The pr c eyela hes is shown 
o ly on  p r i f unknown m  (P.8- 945), wh re dot re painted o the
lo er y s l (F gur 2b .
Hillia d rot th t the lin s f the cial fe tur sh uld be aw  a fine pencil 
(to un e t od a   b us ) w h f nt ros lour m de of  lake [15]; this pr bably
cor s nds o t e brow  lines of orga c orig n s e  du ing analyses.  
Th ey s’ ner corner, when visible, is painted with a red material, the composition 
of ic  vari s for eac  i iature.  
T bl 3. Mini tures by Nicholas Hill ard which have undergone tech ical and scientific examina-
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j c t p i F c  ( 4- , P.155-1910)  ortrai f  unknown
(E. 177-1988) tu i d  t is a ic e. It i a ct b h gh w rk d and fully
d ll d fl sh n s, h ev  by ly g l e s f in . Th a lyses s owed a
l h c n ck tr x s tt ed w t red gm t ar icles, ypi ally em -
i  ili . T   al i  cor t  th  f ndi gs on a p rtrait f H nri III,
c t y i cov  s i e  to H l i r ’s ork in Fr nc  [20]. In th second gr up
 bj co r sp n i  o h  ty is i c a g i h 1580s, fl sh t n s appear
, wi h  e enc  f r  l  m in  p nen s, l  t e us  of red
k , n  f e , a t b ru e  u . Y llow pigmen , su  as l d tin y ll w and go -
t , e  ls i nt f e , s ld m mix h azu te. 
T r ul s r d cr b i  T bl 3 and c r b at w at Hilliard d scribed in hi
r i . L  w i an ed l a w r e  h  l e co mend  to u  fo
ca tion; i th case o a p l pl xio  t  us  f h  r d co p n nt, so tim s
x a l m n f co e ( r  h  t s p r d should b und r tood
l in l [21,22]), a  r du , r  or s r hy o e, a ti an ochre
ul  b  dded [15]. S il m xtur s   s i d b  N r at , altho gh h  oe
no on t  u of as ico e [1]. Addi i nally, ci nt fic a al s s re aled th  pr s n
v r ilion, ich as isc u e b H l i d an  Norga n their reat ses but was
s st n ly em lo e  e f s an yse . 
T v lu o  t  ou s bui up st t ng i  t  br w  li s p int
at h co r (Fi r 1); v i o i h  a pigm t s r e li s uri g th  French
p , re s fr m he 1580 , pi k la s a  d l a a  pr f rr d. Th  s pa atio  line
b t e  u r a lo er l  c i t of a  ak . T ese r sults co f rmed at w s
wri te b H lli  N ga , a  th  m t ials to b u  f r t e mou h were l ke, r
l ,  hit  p gme t [1,15]. V mi i w  ti i  by sc tific an lyses as a
dit o i t re e . 
T e y er nv stigate  i  v l s: th e lash lines, th  ey d fol , a d  
i  c r r. T l  li wer r lly c  it bl ck r a ilu ed
w i m t, ly f org i  r g d art l y f d. A s c d, darker line cov-
r d  t n n  s m f ca b b k d what l oks like org nic brown pig-
s (F gur 2 ); o th l r p tr t ,  e o d  p a s t be appl d nly o   
l s   o  n ey li fo d (Figu 2b . T  nly xcep i  is on E.1178-1988,
w re he f t n s re trace with a d mate i l. Th  pr s nc of eyela he is shown
only on h p r f a unkn w om n (P.8- 945), wh re dots are painted n the
l r y a l (Figur 2b .
H ll a d r t  th t the i es f the ci l fe tur sh uld be d aw  b a fine pencil
(t un e t od a  a b us ) w h f nt ros lour made of  lake [15]; this pr bably
cor spo ds o th brow  lines of organic orig  e  during the analyses.  
The eyes’ inner corner, when visible, is painted wi h a red material, the composition 
of ic  vari s for eac  mi iature.  
T bl 3. Mini ture by Nicholas Hilliard which have undergone tech ical and sc entific examina-
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Lead tin yellow I       
Red lead
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
o j s tha  paint d i Fra c  (P.154-1910, P.155-1910) a po tr t of n unkn wn
(E.1177-1988) u i t  ic . It  h t ed b h gh  orked d fully
o l d fl sh es, a v  by a plyi   laye s f p in . T al ses s owe a
l  i  c rb  b ck x s t th r d i me rticl s, ypi lly h -
it   v m i . Th  l i  rda c   e fin s  rait f H nri II,
c tly di cov   soc t H ar ’ o k in Fr nce [20]. I e secon gr up
of obj s, c rr s n ng o his ty is i ng i g 1580s,  fl s  t nes appea  
l , t  a p c  f    h in e e s, al h u e of red
lak s n  fa ,  b r l . Y l  p g en , su  s ea  tin y l o  an  g e-
t , w r ls  de f e , l x wi zu it .  
r l  c i  T l 3 a co r ra w Hillia  e cribed i  hi
tr i e. L w i    l ad w  ind th  m l e m d to u e f r
 c tion; n ca f  p le o lexion th  us  f e ed c mponent, om ti
ix d t  all t f cot  (   h  t i s l b  un r to d
le d ti  ll [21,22]), duc d, wh r r h  n , m ico a d c re
oul b a [15]. Si i  x s a  a s c i d by N rgat , alt o gh  do
 e he se f a co e [1]. Additi n lly, c en f c a a ses r e l d th res ce
 v rm lion, h a i c u by H llia  n  Norg i th ir reat se bu  was
stently e plo n t f s n y e .
The volu of  m t s built up t r i  th two t b wn li es p t
t h r (Fi u 1); v li n i  the m in i t  t e lips i g th  F c
r , s f 1580 , p l k a d r  l ad r  f rr .  p tio li
t u p r  l  i  c sist  of a re  ake. T e s l s co fir d w a w s
ri t y Hi ar N g e, t e a ials o se f t e mou w r  lak , r d
l d a   gm  [1,15]. V mi i s i ent  y sc e tif c n yses s 
o i m t p e t  
T e y s we i vest ga  i v r l e s: t y l i s, t  y li f , n the 
 r r. T y la h  yeli  li r lly r ce th  bl ck r  dilu e  
b w pi m , f  a d p rti l y f d. A seco , da k  l n c v-
r  t f  a a  m f c bo  l d w a l ks ke o g ic brown pig-
nts (F gu e 2 );  i s h c d l  a p  t be pl d nly o   
ey lash l n d t y lid fold (Fig 2b . T e only xc p i n is on E.1178- 988,
w er fi s l es trac d w h d t r l. Th  p e c of y ash is shown
only on th p tr i  f u kn w om n (P.8- 945), wher d t re in ed the
l w y a  l (Figu 2b . 
H llia d wr t  that t  utlin f t faci l f tur  h u b n by fine p nci
(t b  unde t od a  a br s ) wit  a fain  ros  c lour made of  lake [15]; thi  pr b bly
correspon s o th brown lin  of orga ic igi  een during t e analyses.  
The eyes’ i ner corn r, wh  visible, is painted with a red material, the composition 
of whic  varies for each mi iature.  
Tabl 3. Miniat res b  Nicholas Hi liard w ich have undergone technical and scientific examina-
tion. Gr yed-out cells indicate that no analysis was carried out. 
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j  t  e p t  F (P.154-19 0, P.155-1910) po tr it f a u kn wn
n (E.1177-1988) di d i th s ic . It h r t ed by h work d fully
led fl s  e , a ev pl i  m y l y f pain . T e al es s owe  a
l a i  c b ck m r x sc t d r d i m p rticl s, y i lly he -
i e  v r i i . Thi l o in a da  w h he fin i s on a p r it f H i III,
c t y di c  d H r ’s o k i  F nce [20]. I e s cond group
f bj s, c sp ng o h  tylis i han  du ing 1580s, t e fl s  t ne  app ar
l , wi   p c f  e m i e mp e , al h he use f red
ak s, n fa , n  b l  u . Y low pigment , s  s ad in y l w n  g -
i , w r l  n f e , l  x  wi h zu t . 
T r l s c i i  T bl 3 a d o o a w Hillia  d cri ed in his
is . Lead w i d l ad w  n ee h  a ls e o m to e f r
t c n ion; n case o p le c pl xion t  us f he ed co ponent, om ti
mixed t   ll u t f m ote ( m h   t i p ould b  u r to
s i  llo [21,22]), c , h r t y n , ico and c r
oul  b  a [15]. S mi r xtur  r  a sc i d by Nor a , ltho gh h  does
 e h  se of mas e [1]. A dit on lly, sc n fic a alys s r e led th s ce
 v r li n, c a disc by H lli r   Nor a th ir r atises bu  w s
t ly e l n t  fl sh an y e .
Th volu o  o t w s buil  u st r g h tw t b wn li s p nt
t h co r  (Fi u 1); v ili n is the i pigm t e  or  li  ing the F c
rio , r s f om t e 1580 , p l a d re  l ad ar  f rr . e ati  li
b tw e r lower  c si  of a e lak . Th e res lts co f r d at was
r t y H l rd n No e, t  m e i ls  b s f r t  mout wer  l k , r d
l ,  e  [1,15]. Ve ili  ti i  by sc e if c na y es as 
ad o m t p t   
T e y s wer vest g  i v r l re s: ey l sh i es, th lid f , n he
 r . T  y lash  yel  i r g lly ce  it  bl k r a ilu
w p gm , pr b  f r d p rt l y f d. A seco , dark  l n c v
r  th  f t o    m f c b  bl k d wha l ks k o ga ic brown pig-
m nt (F gu e 2 ); h r i th  s c d l a  t b pl d nly  
y l sh lin  t n th  elid fold (Fig  2b . The on y xc i  i  on E. 178-1988,
f st l es e c d w h e at r l. Th  p s c of a h s is hown
only on th p rtr it f u kn w wom (P.8-1945), wh r d ts  int d n the
l w ey la l (Figu 2 ).
H l ia d w t th t t  utli s f t aci l f t  h u b n by fine p nci
(to b  unde tood   br s ) wit  a fain  rose colour made of  lake [15]; thi  probably 
corresponds o br wn lin s f orga ic origin e during t e analyses.  
The eyes’ i ner corn r, wh  visible, is painted with a red material, the composition 
of whic  vari s for each mi iature.  
T bl  3. Miniatur s b  Nicholas Hi liard w ich have un ergone tech ical and scientific examina-
tion. Greyed-out cells indicate that n  analy is was carried out. 
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j c t a t d  F c ( 4- , P.155-1910) d portr i of an known
 (E.1177-1988) u i d in th s r ic . It ch r cte ed by ig l ork d d fully
l  f s  t , a h v by ply  a y l ye s f p nt. Th n yses showe  a
l d i  carbo b ck ma ix t d r d igm t p r icles, ty ically he
i  mili n. Thi s l i  a da e i he f ndi s  a portrait f H n i III,
c t  di v d  s a d t  Hi r ’s wo k in F nc [20]. I  the co  group
f obj cts, c r s n o hi tylistic ng  u i  1580s, t fles  ton appea
, wi  p e  f  l  i  mp n , a though the us  of red
l k s, n a , c b ru ou . Y l w ig e , s  s ead tin y ll n  g -
, w  l  n f e , s l ix d it  az it . 
h r l s  c ib i  Ta l 3 and corr orat w a H llia d escribed in his
r i . L hi  ad w n ed h i ls r o m  to u  for
t ti ; i c s  l lex on th  us f he d c po ent, s m im
ix d w all m u t f m o  (  h t t i p s uld b  u r too
s in lo [21,22]), s ced, e  f r s thy n , ma ico and ochr
s oul b  d [15]. Si ila  mixtur   als  c ib d by N r at , lthoug he oes
o  e of as co e [1]. Add ti n lly, sci fic a alys  r v al d th  pres n e
 v r l on, w  i cou a y Hilliar   Norga in their r atises bu
t l l e in  fl sh o n yse .   
T volum  w s built up t r g h tw  t b w  li  p i t
t he o e (Fi u 1); v i i n is the  pi m t  f r e lip  du i g th  F nch
p ri , s fr m h 1580 , p k l  l ad a  p f rr . T e r ti  line
b t e  u p r a lo er co si t  of a r ak . These r sults co firmed what was
r te  H ard nd N t , t e ma e als  b s f r  mout were ke, r
l , a d hi gm  [1,15]. V li  w s i ie  by c e tif c n yses as a
a d o l g t e t   
e e were i v st ga  i eve l r : sh lines, th  eye d fold, a d
r r. Th  las  y l  li w g al y t c d with  bl ck r a ilu ed
p gm , pr b f part y f d. A se nd, darke  line cov
d t f st   f c rb bl k n w at l ks ik organic brown pig-
m (F gu 2 ); t  r p r its t  eco d l a a t  b pplied only  
y las  n  n  on eyelid fold (Figu 2b). Th  l exception is on E.1178-1988,
irst l es tr c d w th d mat ri l. T  p e c f y lashe is shown
only n h p rtr it f n u kn wn wom n (P.8-1945), wh re dots re ainted n the
l yel h l (Figu 2b).
H l ia d wr t  th t t  u li es f t  faci l f t sh uld be awn y a fine pencil
(t  unde to d  b sh) with a fai t r s lour made of a lake [15]; this probably 
cor sponds o b n l nes of organ c origi  s en du ing analyses.  
Th eyes’ ner corner, when vis ble, is painted wi h a red material, the composition 
of hic  varies for each mi iature.  
Tabl  3. Miniatur by Ni ol s Hilliard which have n ergone echnical a d sc entific examina-
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Red lead         
Lead tin yellow I        
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objects th t e p in ed n Fr nc (P.154-1910, P.155-1910) a po t  f k w  
n (E.1177-1988) s u i  i  t is ar icle. It i  h a r b hi h y nd f lly
delled fl sh t e , chiev by applyi  y l y  of ai t. T a al w d a 
l ad w ite an bon black t ix sc tt r r  p g t art c , t ly h -
ite and er ili n. T is also i  c rd c  h  fi  a po trai of H r III,
r c ntly d scov r  an  as cia t  Hi iar ’s work i  F nc [20]. I  c n r u
f bjec s, c rr pon ing to his tyli ti  h g  ri h  1580s, t f h t  
al , ith  p f r nce f  re  l d  po nt , l h g  he u of r  
lakes, o fa , c nno be ule  o t. Yell w igm t , ch l tin y l w d g -
h te, w r  s  i nt i , l o  z te.
The results ar  de cr b in T b 3 n  c r ob  a  H l i  s b h  
treati . Lea  hit  a   le d  i  h  i ls he co f  
t e ca ati ; in t e cas  a p l  c p xi  of compo t m ti  
x d with a m ll am unt f st cot  (a er th t t sh  b und rs d 
s lea  ti  llow [21,22]), a r duc , h r as f r wart , sticot nd re
should e ad ed [15]. Similar mix r  r a e ri d  N r at alt ug  e
n  me io  he us  f ast cote [1]. A dit l y, cie f c a aly es r veal d th  r s e
of ver il i h was isc u ag d y Hilli a  No g  in t i tr at ses bu was 
con ist tly ploy d t  f s  t es a y ed.  
 volum  of t e mo h  b ilt up t in  ith t s  o n li e  p i t  
t  s (Fi ur 1); ver ilio  t e i i t us f r t  li  d i g th ch 
p rio , r as f o  th 580s, pi lakes l ad are r f r ed. T e aration li e
betwee  upp r and lo r lip co si e  f a ke. T  es lts f m  w at wa
writ en y illi r  a  N g te,  t e m t ial t   se f t m ut r  la ,  
l ad, and  whit t [1,15]. Ve i n s i e e  scie tif c alyses s a
add tio al pigm nt pr t. 
e e es re i ve tig d i  s ver l are s: h eyel  li s, d f l ,
in er c rn r. Th y l h a yelid  r  l y r c w t l k r a dilu
br w  pi m n , p b bly f o ic g  d p r ally . A c , k li  c v-
r d t e fir t n  d s ma e f ca b  bl c  d w t lo ks l k  g nic b  ig-
m nt (Figure 2a);  th  late  p rt aits, th  s c nd li  pp  o b  pp d l  on th
ey las n and o  on yel d f d (F gur 2b). T e n xc p n is n E. 7 - 988, 
where t e first lines are rac d w h a r d ter l. The pr s nc sh
only on the po trai  f n u k m  P.8- 945), here d ar  pain the
low r yelash li (F gu 2b . 
H lliard wrote tha t e ou lines of t fac al f atur s s ld b w  by a fine p c l
(to b  und r tood as a brush) with a faint rose colour m d of l k [15]; this pr bably
corr sponds to t e brown lines of orga c origin se n during th  analy es.  
The eyes’ inner corner, wh n visible, is painted with a r d material, t e compo ition 
of which varies for each i iature.  
Table 3. Miniatures by Nicholas Hi liard which have u derg ne technica  a d scientific examin -
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o jec s th t e p i t   Fr nc (P.154-19 0, P.155-19 0) n tr  f u k w
a  (E.1177-1988) s i d  is a ticl . I i c ra t i hly e a f lly
lled fl sh e , ac v d by plyi  m y l y   i t. Th  a aly s ow d a
l a w i an b n bl ck at ix scatt d r d p g t t c , y ly h -
tite an v r ilio . Thi   also i  a c r c th fi d g   a o t i of H ri III, 
rece tly d scov r  and s ocia e t H l ia ’s ork i Fr nc [20]. In s n r up 
f obj t , c rresp n i g t h s t li ti h n  r n h  1580s, t f h p r
al , with  p er nc  f  re  l a   o n , l u h he s  o r  
lak s, o faded, ann t b r le  t. Ye l w igment , c  l  ti y w nd go -
te, w r s  i ent fied, s ldo w  az ri e.  
T  r sults r  sc b n ab 3 n  rr o  H ll ard s ib  i his
trea is . L a w ite an   l d e i t  ls e o  s f
t e car atio ; i e case a p le c ex e f  d c o t o ti es
x d it  a s ll m u t of masti t  ( r t a t p h l b u rs o  
s lead ti  ll w [21,22]), w r du , s r w , ti t n o res
sho l  b  added [15]. Si ilar m x re  r   scri d N r a , lt o g  o s
 men io  h  s  f asticote [1]. A di i l y, scien f c a a s r a d h  r ce
of vermil i h as iscou g  y H l i No ga e n ei r tis bu w s
sist tly employ  n t e fl s t s a a ysed.
T e volu  of the ut w  b i up t with o t ro n  p i t
t t  cor rs (Fig r 1); ver ili s t e ig t us d for  i s ri g t e Fr ch
p rio , e s f o  he 580s, p k lakes a d re lead ar  ref r . Th s ar tio  li  
b tween upper and low r lip co t  f a e ak . The  s l  o f t w s
written  Hill r a d N a e,  t  m t ials   us f t  ut  r lak ,
le d, a d  w it t [1,15]. Ve li n s i e b c tif c a lyses s 
ad tio al pigm nt p t.  
e e es were vestig d i  s ve l a e s: yel s li es, e i f l ,
in r r. T  l  a yelid s r lly tr c t l k  a il t
brow  pigm t, p b bly f o g ic g  d lly f . A c , k li c v-
ere the fir   d  made f ca b b  d w t l ks l k  g ic  ig-
m ts (Figure 2 );  th  l e  portrai  h  s c nd li  p s  pp d on he
yel sh and no  on h yelid f d (F g r 2b . T e on y x is E. 178- 988,
w re t e fi st ines r ac d w h a r l. Th  pr s c h s sh
only on th  p r rait f an unk w  P.8- 945), h re d s ar  pain ed the
low r y las li  (F gur 2b). 
H lliard w ote that t e ou lines f t ac al f atur s s l b dr w  b a fine p cil
(to b  understood as a b us ) with a faint rose colour m d of  l k [15]; this p obably
corresponds to the brown lines of orga ic origin see dur ng th  analys s.  
The eyes’ inner corner, wh n visible, is painted with a r d mater al, the composition 
of which vari s for each miniatur .  
Tabl  3. Miniatur s by Nicholas Hi liard which hav u derg ne technical and scientific ex mina-
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Hematite        
Red lead       
Lead tin yellow I       
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object th t e pa nt   F n e (P.154-1910, P.155-1910) a d p rt a f a nk w
an (E.1177-1988) u ie  i t i i le. It i r t i by h ly w k d ful y
ll  l sh t n , c i ve by a plying a y laye  pa t. T  a yses s ow
d whit a  carb n b ck ix s tere p g nt ti , lly h
it  a  m l on. T is s al o i  cc c  wit the fi i g  a o r it of H  III,
recently isc v r d an  o ia e  t Hil a ’ k F c [20]. I  t co g up
f bje s, c rr s o i g o his tyli ti chan  ng t  1580s, t  fl s  pp a
al , ith pr e n f r red l d s h  i  e o , l us  f r  
l k s, no f ded, ca n b rule . Yell w ig e s, c   ad ti  y n  g -
t t , w re ls  ent fie , s l  i az ri
The re ul  d c ibe  i  T 3 a  r b a wh Hi i s be in his
re tis . Lea  hi  n  le d  ed ls e c to u f r
t e c na io ; i t e c s f pa  compl x h  f  c p e t me e
ixed wi h a s al a unt of t  (  r t t t ul b  u to  
as ti  y ll w [21,22]),  reduc , w r as f r  sw hy n , t an  r
sh uld b a [15]. Simil r mixt es r al  s ri d by No a , th  h s
t m nt  e u f as cote [1]. Ad tion lly, sci nt f c a a es ve led t  nc
f vermili , whi h a  discourag y H lia  nd N g t i t i r tis s bu  
o siste ly e pl ye  i   f sh to e alyse .  
Th  volume of the m t wa b ilt up st rt g t  t t b o   p t
t e corn s (Fig re 1); v m li  i  t e i  pi nt s for  li s d ri h Fr c
rio , r as from 580 , pi k lak  r d le d re p fe . aratio li
bet e  up r and lo  lip c s ste  f a lak . T s  r s lt  f d w at w s 
wr ten b Hilli and N t , s the e a  e s f r u er , d
lea , a d a wh t  igm [1,15]. Ver ili s i e fi b cie if c yses s 
ad i ion l igm nt p s t.  
e es were v tig t d i v l s: th la  li , h lid f l , d h
n  r. T  e a h d ey s w  ally ce t bl ck il
b wn igme , probably f r i   ia ly f d d. A , rk  li e v
r d th fi st on a d wa made f ca b b k d t l k  ik rg ic br wn pig
n (F gu e 2 );  r por ait , h c n lin  pp r   pl  nl o  e
eyel sh li  a  o n h  yeli f ld (F gur 2b). The l ex ti i E. 78-1988,
wh r he first l nes r  t ac d wi h  e mate ial. T p s n e of a  h
only o th  p rt ait f an unkno  wo a (P.8- 945), wh r d ts  int n the
lowe  ey l sh l (F gur 2b).
Hilliard w te th t t e utl n s of t e facial feat s s o l b r w by fi  pen l
(t  b  understo d a  a br sh) with a faint rose colour mad of a lake [15]; t is p obably 
corresponds to the b n li es of orga ic origin s en dur ng the analys s.  
Th eyes’ inner corner, when visibl , is painted with a red terial, the composition 
of which varies for each mi iatur .  
Tabl 3. Miniatur s by Nicholas Hilli rd which hav erg ne technical and scientific examina-
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objects that he painted in France (P.154-1910, P.155-1910) and a portrait of an unknown 
man (E.1177-1988) studied in this article. It is characterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a 
lead white and carbon black matrix scattered with red pigment particles, typically hema-
tite and vermilion. This is also in accordance with the findings on a portrait of Henri III, 
recently discovered and associated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to his stylistic change during the 1580s, the flesh tones appear 
pale, with a preference for red lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thite, were also identified, seldom mixed with azurite.  
The results are described in Table 3 and corroborate what Hilliard described in his 
treatise. Lead white and red lead were indeed the materials he recommended to use for 
the carnation; in the case of a pale complexion the use of the red component, sometimes 
mixed with a small amount of masticote (a term that at this period should be understood 
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres 
should be adde  [15]. Similar mixtures are also describe  by Norgate, alt o gh he does 
not mention the use of masticote [1]. Ad itio ally, scientific a alyses reveale  the presence 
of vermilion, which was discouraged by Hilliard and Norgate in their treatises but was 
consistently employed in the flesh tones analysed.   
The volume of the mouth was built up starting with t o short brown lines painted 
at the corners (Figure 1); vermilion is the main pigment used for the lips during the French 
period, whereas from the 1580s, pink lakes and red lead are preferred. The separation line 
between upper an  low r lip consisted of a re  lake. Thes  r sults confirmed what was 
written by Hilliar  and Norgate, as the materials to b  use  for he mouth w re lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigment present.  
The eyes w re investigated in s ver l ar s: th  eyelash lines, th eyeli fol , and th
inner corn r. Th  eyelash and eyelid lines were generally trace  with a black or a dilute  
brown pigment, probably of organic origin and partially faded. A second, darker line cov-
ered the first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the later portraits, the s cond line appears to b  applied only on the 
eyelash line and not on he ey lid fold (Figure 2b). The nly exception is on .117 1988,
where the first lines are traced with a red material. The pres nc of eyelashes is shown 
only on the portrait of an unknown woman (P.8-194 ), where dots are painted on the 
lower eyelash line (Figur  2b). 
Hilliard wr te that the outlines of the facial featur s should be drawn by a fine pencil 
(to be understo  as a brush) with a faint rose col ur m e of a l ke [15]; his probably 
corresponds to t e br wn lines of organic orig n seen during t e analyses.  
The eyes’ inner corn r, wh n visible, is painted with a red material, the composition 
of which varies for each miniature.  
Tabl  3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
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objects that he p i t d in France ( . 4- , P.155-1910) nd a portrait of an unknown 
man (E.1177-1988) studied in this article. It  characterised by highly worked and fully 
modell d flesh tones, achieved by pplying many layers of p int. The analyses showed a 
lead white and carbon black matrix scattered with red pigment articles, typically hema-
tite a d vermilion. This is also in accordance with the findings on a portrait of Henri III, 
recently discovered and associate  to Hilliard’s work in Franc [20]. In the second group 
f objects, corresponding o his stylistic chang during the 1580s, the flesh tones appear 
pal , with a p ef rence for red le d as the ain r d comp nents, although the use of red 
l k s, now faded, cann t be ru ed out. Y llow pigments, such as lead tin yellow and goe-
thite, were also identified, seldom mixed with azurite.  
Th  r ults are described i  Table 3 and corroborate what Hilliard described in his 
treatise. Lead white and red lead wer indeed the materials he recommended to use for 
the carnation; in the case of a pale complexion the use f the r d component, sometimes 
mixed with a small amount of masticote (  term that at t is period should be understood 
as lead tin yello  [21,22]), was r duced, whereas for a swarthy one, masticote and ochres 
should be adde  [15]. Similar mixtures a e also describe  by N r ate, alt o gh he does 
not mention the us of masticote [1]. Additio ally, scie tific a alyses rev ale  the presence 
of vermilion, which was discourage  by Hilliard and Norgat  in their reatises b t was 
consistently employed in the flesh tones analysed.   
The volume of the mou h was built up starting wi h t o short brown lines painted 
at the corners (Figure 1); vermilio  is the main pigment used fo  the lips during the French 
p riod, whereas from the 1580 , pink lak s and red l ad are pref rred. The separation line 
bet een upp r an  low r lip consisted of a r  lake. Thes  r sults confirmed what was 
written by Hilliard and Norgate, as the materials to b  use  for he mouth w re lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific nalyses as an 
additional pigment present.  
The ey  w r investigated in s veral ar as: th  eyelash lines, th eyeli fol , and th
inner corn r. The eyelash a ey lid li s were generally trace  wit a black or a diluted 
brown pigment, probably of organic origin and partially faded. A s cond, darker lin cov-
ered the first one and was made of carbon bl ck and what looks like organic brown pig-
ments (Figure 2a); on the later portraits, th  second lin  appears to b  applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only exception is on .117 -1988,
where the f rst lines are trac  with a red material. The pres nce of eyelashes is shown 
only on the portrait f an unknown woman (P.8-1945), where dots are paint d on th
lower eyelash line (Figur  2b). 
Hilli r  wr te that he outlines of the facial featur s should be drawn by a fine pencil 
(to be understood as a brus ) with a faint rose colour m of a l ke [15]; this probably
corresponds to th  brown lines of organic origi seen during t e analyses.  
The eyes’ inner c rner, when visible, is painte  wi h a red material, the composition 
of which varies for ch miniature.  
Tabl  3. Miniature by Nicholas Hilliard which have undergone technical and sc entific examina-
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obj c s that he pa ted i  France (P.154-19 0, P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studied in this article. It is haracterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The nalyses showed a 
lead white nd carbon bl ck matrix scatter d with red pigment particles, typically hema-
tite and vermilion. Thi  is also in accordance with the findi gs o  a portrait of Henri III, 
rece tly dis ov red and ssociated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to h  stylistic change during t e 1580s, th  flesh tones appear 
pale, with a pr ferenc  for red l ad as the main red compon nts, although the use of red 
lakes, now faded, cannot be ruled ou . Yellow pigments, such as lead tin yellow and goe-
thi , were also identified, seldom mixed with azurite.  
The r sults are d scribed in Table 3 and c roborat what H lliard d scribed in his 
tr atise. Lead whit  and r d lead wer  ndeed th  at rials he recommended to use for 
 rnation; in the cas  of a pale complexion the use of the red co ponent, sometimes 
mixed with a s all amount of m stico e (a t m hat at th s peri d sh uld b  understood 
as lead tin yellow [21,22]), was reduced, whereas for  swarthy one, masticote and ochres 
shoul  b  dde  [15]. Si ilar mixtures are als  d scribe  by Norgate, alt o gh he does 
no  mention the use of masticote [1]. Additio ally, scie tific analys  rev aled th  pr sence 
of vermil on, which was discour ged by Hilliard and Norgate n their treatises but was 
co sist ntly employed in the flesh tones analysed.   
The volume of the mou h was buil  up start ng with t o sh rt brown lines painted 
at th  corners (Figur  1); vermilion is the main pigm nt sed for the lips during the French 
period, whereas from the 1580s, pink lak s and ed lead ar  preferred. The separation line 
b t een u p r an  low r lip consisted of a re  lake. Thes  r sults confirmed hat was 
written by Hilliar  and Norg e, as th  materials to b  use  for h  mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by cientific nalyses as an 
additional pigm nt present.  
Th  eyes re investigated in s ver l ar :  ash lines, th eyeli fol , and th
inner corn r. Th  eyelash an eyelid lines w re gene l y trace wit a black or a iluted 
brown pigment, probably of organ c origin nd partially faded. A se nd, arker line cov-
ere the first one and was made of carbon black and what looks lik  organic brown pig-
m n s (Figu e 2a); on the late portrait , th  s cond lin  appears to b  applied only on th
eyelash lin  an  n t on the y lid fold (Figure 2b). The ly excepti  is on .1178-1988, 
w re the f rst l nes re trace  ith a re material. The pr enc f eyela hes is shown 
only on the portrait f a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilli rd wrote that the outlines of the acial features shoul  be drawn by a fine pencil 
(to b  understoo s  brus ) with a faint r se colour m  of a lake [15]; his probably
cor spon s to the brown l nes of organ c orig n see during t e analyses.  
The eyes’ i ner c rner, when vis ble, is painte  with a red material, the composition 
of which vari s for each miniature. 
Table 3. Miniatur s by Ni ol s Hilliard which have undergone ech ical a d scientific examina-
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objec s that he p t d i  France ( . 4- , P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studied in his article. It  haracterised by highly worked and fully 
modell d flesh tones, achieved by pplying many lay rs of p int. The analyses showed a 
le d whi e nd carbon bl ck matrix sca tered with red pigment articles, typically hema-
tite d vermilion. Thi  s also in accorda ce with the findi gs on a portrait of Henri III, 
recently discovered and ssociate  to Hilliard’s work in Franc [20]. In the second group 
f objects, corresponding o h  stylistic chang during the 1580s, the flesh tones appear 
pal , with a p ef renc  for red le d as the ain r d comp nents, although the use of red 
l k s, now faded, cann t be ru ed out. Y llow pigments, such as lead tin yellow and goe-
thit , were also i entified, seldom mixed with azurite.  
Th  r ults are d scribed i  Table 3 and c roborate what Hilliard d scribed in his 
treatise. Lead white and r d lead wer indeed th  materials he recommended to use for 
the carn tion; in the case of a pale complexion the use f the r d component, sometimes 
mixed with a s all amount of masticote (  term hat at t s peri  should b  understood 
as lead tin yello  [21,22]), was r duced, where  for a swarthy one, masticote and ochres 
shoul b  add  [15]. Si ilar mixtures a e also d scribe  by N r ate, alt o gh he does 
no  mention the us of masticote [1]. Ad itio ally, scientific analys s rev ale  th  pr sence 
of vermilion, which was iscourage  by Hillia d and Norgat  n their reatises but was 
co sist ntly employed in the flesh tones analysed.   
T e volume of the mou h was buil  up start ng wi h two sh rt brown lines painted 
at th  corner (Figur  1); vermilio is the main pigm t us d fo  t e lips during the French 
p riod, whereas from the 1580 , pink lak s and red lead ar  pref rred. The separation line 
b t een upp r an  low r lip consisted of a r  lake. Thes  r sults confirmed hat was 
written by Hilliar  and Norga e, as th  materials to b  use  fo  he mouth were lake, red 
l ad, and a white pigment [1,15]. Vermilion was identifi d by scientific analyses as an 
additional pigm nt present.  
The ey r inve tigat d in ever l ar s: th  eyelash lines, th eyeli fol , and the 
inner corn r. Th  eyelash a d ey lid li s were gene lly trace  wit  a black or a iluted 
brown pigment, probably of organic origin nd partially faded. A s cond, arker line cov-
ered the first one and was made of carbon bl ck and what looks like organic brown pig-
ments (Figur 2a); on the late portrait , the s cond lin  appears to b  applie only on the 
eyelash ne and not on he ey lid fold (Figure 2b). The only excepti is on E.1178 1988, 
w re the first lines r  tr c  with a re material. Th  presence of eyela hes is shown 
only on the portrait f a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b).
Hil ard wr te that th  tlines f the aci l featur s shoul  be drawn by a fine pencil 
(to b  understood as a brus ) with a faint ros  col ur mad of a lake [15]; his probably 
corr spon s to t b own lines of or anic orig see during t e analys s.  
Th eyes’ inner corner, wh n visible, is painted wi h a red material, the composition 
of ich vari s for each miniature.  
Tabl  3. Miniature by Nicholas Hilliard which h ve undergon  tech ical and sc entific examina-
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obj cts that he p i t d in Fr nce ( . 4- , P.155-1910) d a portrait of an unknown 
man (E.1177-1988) studied in his article. It characterised by highly worked and fully 
modell d flesh ton s, achieved by pplying many lay rs of p int. The nalyses showed a 
le d whi e and carbon black m trix sca ter d with red pigment articles, typically hema-
tite d v rmilion. This s als  in acco da ce with the findi gs o  a portrait of Henri III, 
rece t y dis ov red and associate  to Hilliard’s w rk in Franc [20]. In the second group 
f objects, corresponding o his stylistic chang during t e 1580s, th flesh tones appear 
p l , with a p f rence for red l d as the ain r d comp n nts, although the use of red 
l k s, no faded, cann t be ru ed ou . Y low pigments, such as lead tin yellow and goe-
th , were also i ntified, seldom mixed with azurite.  
Th  r ults are d scribed i  Table 3 and corroborate what H lliard described in his 
tr atise. Lead whit  and r d lead wer ndeed th  at rials he recommended to use for 
 rn tion; in th cas  of a pale complexi n the use f the r d co ponent, sometimes 
mixed with a small amount of m stico e ( t m that at t is peri  sh uld be understood 
as lead tin yello  [21,22]), was r duced, where  for swarthy one, masticote and ochres 
should be dd  [15]. Similar mixtures a e als describe  by N r ate, alt ough he does 
not me tion the us of masticot  [1]. Additio ally, cie tific analys  rev ale  the presence 
of vermil on, which was iscour ge  by Hillia d and Norgat  in their reatises but was 
c sistentl  mployed in the flesh tones analysed.   
T e volume of the m u  was built up start g wi h t o short brown lines painted 
at corner (Figure 1); vermilio  i  the main pigme t s d fo  t e lips during the French 
p riod, whereas from the 1580 , pink lak s nd ed lead ar  pref rred. The separation line 
b t een u p r an  low r lip consisted of a r  lake. Thes  r sults confirmed what was 
written by Hilliard and Norg t , as the materi ls to b used fo  th  mouth were lake, red 
l ad, and a white pigment [1,15]. Vermilion was identifi d by cientific analyses as an 
additional pigment present.  
Th ey s r inve tigat d in ver l ar :  ash lines, the eyelid fold, and the 
inner corn r. The eyelash a ey lid li s w re general y traced with a black or a diluted 
br wn pigment, probably of organ c origin and partially fad d. A s nd, darker line cov-
ere the first one and was made of carbon l ck an what looks like organic brown pig-
m n s (Figure 2a); on the l ter portraits, th  s cond lin  appears to be applied only on the 
eyelash n an n t o h yelid fold (Figure 2b). Th  ly exception is on E.1178 1988, 
whe  the first l nes are tr c  ith a re material. The pr ence f eyelashes is shown 
o ly n the portrait f an unknown woman (P.8-1945), where dots are painted on the 
lower eyelash line (Figur 2b). 
Hil r wr te that th  o tlines f the faci l featur s shoul  be drawn by a fine pencil 
(to be underst d s  brus ) with a faint r s  col ur m of a lake [15]; this probably 
cor sp nds to t b own l n s of or an c orig  seen during the analyses.  
Th eyes’ i ner c rn r, wh n vis ble, is painte  wi h a red material, the composition 
of w ich vari s for each miniature.  
Tabl  3. Miniat re by Ni ol s Hi liar  which h ve undergon  ech ical a d sc entific examina-
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obj c s that he pa ted i  France (P.154-19 0, P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studied in his article. It is har cterised by highly worked and fully 
modelled flesh tones, chiev d by applying many lay rs of paint. The nalyses showed a 
le  hi e nd carbo bl ck atrix s ter d with red pigment particles, typically hema-
tite nd vermil on. Thi  s ls  in acc rdance with th  findi gs o  a portrait of Henri III, 
rece tly dis ov red and ssociated to Hillia d’ work in France [20]. In the second group 
of objects, corresponding to h  tylistic change during t e 1580s, th  flesh tones appear 
pal , with a pr ferenc  f r red l ad as main red compon nts, although the use of red 
lakes, now faded, cannot be r led ou . Yellow pigme ts, such as lead tin yellow and goe-
thi , wer  also i entif ed, seldom mixed with azurite.  
he r sults are d sc b d in Table 3 an  c roborate what H lliard d scribed in his 
tr atise. Lead whit and r d lead w r  nde d th  at rials he recommended to use for 
 rn tion; in the cas  of a pal  complexion he us of the red co ponent, sometimes 
mixed with s all am unt f m stico e (a t m hat at th s peri  sh uld b  understood 
l ad tin yello  [21,22]), s reduced, where  for  swarthy one, masticote and ochres 
shoul b  dd  [15]. Si ilar mixtu es ar als d scribe  by Norgate, alt ough he does 
n  me tion the use of masticot  [1]. Additio ally, scie tific analys  rev ale  th  pr sence 
of vermil o , which was iscour ged by Hilli d and Norgate n their treatises but was 
co sis tly employed in the flesh tones analysed.   
T e vol me of the mou h as buil  up start ng w th t o sh rt brown lines painted 
at th corn r (Figur  1); vermili n is the main pi me t s d for t e lips during the French 
perio , where s from the 1580s, pink lak s and ed lead ar  preferred. The separation line 
b t een u p r an low r lip con isted f a re  lake. Thes results confirmed hat was 
written by Hilliar  and Norg e, as th  materials to b  us  fo  th  mouth were lake, red 
l ad, and a wh te pigm  [1,15]. Vermilion w s identifi d by cientific analyses as an 
additional pigm nt present.  
Th yes w re inv tig t d  ver l ar :  ash lines, the eyelid fold, and the 
inner corn r. Th  ey lash a ey lid l nes w r  gene l y traced with a black or a iluted 
brown igment, probably o  organ c origi  n  partially faded. A se nd, darker line cov-
ere the first one and was made of arbon black and what ooks like organic brown pig-
m n s (Figure 2 ); on the late o trait , th  s cond in  appears o be applied only on the 
eyelash n  an t on the y lid fold (Figure 2b). The ly excepti  is on E.117 1988, 
w re the f rst l n s re tr ced wit a red m terial. T pr ence f eyela hes is shown 
only o  the portrait of a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figur 2b).
Hil r wr te that th o tlines f th aci l featur s shoul  be drawn by a fine pencil 
( o b  understo s b us ) with a faint r s  col ur m  of a lake [15]; this probably 
or sponds t  t e b own l ne of or an c origin see during the analyses.  
Th yes’ i ne c rn r, wh n vis ble, i  pai ted with a red material, the composition 
of ich vari s for each miniature.  
Tab e 3. Min atures by Ni ol s Hill ard which h ve undergon  ech ical a d scientific examina-
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obj c s that he p t d i  Fr nce ( . 4- , P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studied in his article. It  har cterised by highly worked and fully 
modell d flesh ton s, chieved by pplying many lay rs of p int. The analyses showed a 
le d whi e nd carbon bl ck trix sca tered with red pigment articles, typically hema-
tite d v rmilion. Thi  s als  in acco da ce with th  findi gs on a portrait of Henri III, 
recent y discovered and ssociate  to Hilliard’ w rk in Franc [20]. In the second group 
f objects, corresponding o h  stylistic chang during the 1580s, the flesh tones appear 
p l , with a p ef renc  f r red le d as ain red comp nents, although the use of red 
l k s, o faded, cann t be r ed out. Y low pigme ts, such as lead tin yellow and goe-
th t , wer  also i ntif ed, seldom mixed with azurite.  
h  re ults are d sc ibed i  Table 3 an  c roborate what Hilliard d scribed in his 
tr atise. Lead whit  and r d l ad w r indeed th  materials he recommended to use for 
the carn tion; in th case of a pale complexi n he us  f the r d component, sometimes 
ixed wit  s all am nt of mastico e ( term hat at t s peri  should b  understood 
l ad tin yello  [21 22]), s r duced, where  for a swarthy one, masticote and ochres 
shoul b  add  [15]. Si ilar mixtu es a e als d scribe  by N r ate, although he does 
no  m on the u of masticot  [1]. Additio ally, cie tific analys s rev ale  th  pr sence 
of vermilion, which was iscourage  by Hilli d and Norgat  n their reatises but was 
c sis tl  mployed in the flesh tones analysed.   
T e vol me of the m u  was buil up start g w h t o sh rt brown lines painted 
at corn r (Figur  1); vermili i  the main pi me t us d fo  t e lips during the French 
p riod, where s rom the 1580 , pink lak s nd red lead ar  pref rred. The separation line 
b t e n upp r an  low r lip con isted f a r  lake. Thes results confirmed hat was 
wri ten by Hilliar  and Norga , as th  materi ls to b us  fo  the mouth were lake, red 
l d, and a white pigm [1,15]. Vermilion w s identifi d by scientific analyses as an 
additional pigm nt present.  
Th y s w r inve tig t d  ver l ar s: th  eyelash lines, the eyelid fold, and the 
inner corn r. Th  ey lash a ey lid l s were gene lly traced with a black or a iluted 
br wn pigment, probably o o ganic origi  n  partially faded. A s cond, darker line cov-
ered the first n  and was made f carbon l ck an what looks like organic brown pig-
m nts (Figure 2a); n the l te p trait , the s cond in  appears to be applied only on the 
eyelash n and not o h eyelid fold (Figure 2b). The only excepti  is on E.117 -1988, 
w  t  fi st li s r  tr c  th a red m terial. T pr sence of eyela hes is shown 
o ly  the portrait f  unk own woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figur 2b). 
Hil rd wr te that th  o tlines f the aci l featur s should be drawn by a fine pencil 
( o b  underst as a b us ) with a f int ros  colour mad of a lake [ 5]; this probably 
corresp nds t  t b own lin s of or anic origi  see during the analyses.  
The eyes’ inner c rner, wh n visible, is painte  wi h a red material, the composition 
of w ich vari s for each miniature.  
Tab  3. Mi a re by Nicholas Hi liar  which h ve undergon  tech ical and sc entific examina-
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obj c s that he p t d i  Fr nce ( . 4- , P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studi  in this article. It har cterised by highly worked and fully 
modell d flesh ton s, chiev d by pplying many layers of p int. The nalyses showed a 
le  hite nd carbo bl ck trix s tter d with red pigment articles, typically hema-
tite a d v rmil on. Thi  s ls  in acc dance with th  findi gs o  a portrait of Henri III, 
rece t y dis ov red and ssociate  to Hillia d’ w rk in Franc [20]. In the second group 
f objects, corresponding o h  tylistic chang during t e 1580s, th flesh tones appear 
p l , with a p f renc  f r red l d as ain red comp n nts, although the use of red 
l k s, no fade , cann t be r ed u . Y low pigme ts, such as lead tin yellow and goe-
h , wer  also id ntif ed, seldom mixed with azurite.  
h  r ults e d sc b d i  Table 3 an  c roborat what H lliard d scribed in his 
tr atise. Lead whit a  r d lead w r nde d th  at rials he recommended to use for 
e rnation; in th cas  of a pal  complexi n he us  f the r d co ponent, sometimes 
mixed with s all am unt f m stico e ( t m hat at t s peri d sh uld b  understood 
l ad tin yello  [21,22]), s r duced, whereas for swarthy one, masticote and ochres 
shoul  b  dde  [15]. Si ilar mixtu es a als  d scribe  by N r ate, although he does 
n  me tion the us of masticot  [1]. Additio ally, cie tific analys  rev aled th  pr sence 
of vermil o , w ich w s di co r ge  by Hilli rd and Norgat  n their reatises but was 
c sis tl mployed in the flesh tones analysed.   
The vol me of the m u  as buil up start g w h t o sh rt brown lines painted 
at corn rs (F gur  1); vermili i  the main pi ment sed fo  the lips during the French 
p rio , here s from the 1580 , pink lak s nd ed l ad ar  pref rred. The separation line 
b t en u p r an low r lip con isted f a r  lake. Thes results confirmed hat was 
written by Hilliar  and Norg e, as th  materi ls to be us  for th  mouth were lake, red 
l ad, and a wh te pigm [1,15]. Verm lion w s identified by cientific analyses as an 
additional pigm nt present.  
T e yes r inv tig t d  s ver l ar :  ash lines, the eyelid fold, and the 
inner corn r. Th  ey lash a ey li l s w r  gene l y traced with a black or a iluted 
br wn igment, probably o organ c origi  nd partially faded. A s nd, darker line cov-
ere the first on and was made of arbon l ck and what looks like organic brown pig-
m n s (Figu e 2 ); on the l te o rait , th  s cond n  appears to be applied only on the 
ey lash lin an t on th y lid fold (Figure 2b). The ly excepti  is on E.1178-1988, 
w e  the f rst l n s re trac  wit a red m terial. T  pr ence f eyela hes is shown 
o ly th p rtr it f a  unk own woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilli r  wr te that the outlines of th acial featur s should be drawn by a fine pencil 
( o b  underst d s  b us ) with a faint r se colour made of a lake [15]; this probably 
or sp n s t  t brown l n of organ c origi  see during the analyses.  
The yes’ i ne corner, wh n vis ble, i  pai te  wi h a red material, the composition 
of w ich vari s for each miniature.  
Tab  3. Min at re by Ni ol s Hi l ar  which have undergone ech ical a d sc entific examina-
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obj c s tha he p t d i  Fr ce ( . 4- , P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studied in his article. It haracterised by highly worked and fully 
modell d flesh tones, achiev d by pplying many lay rs of p int. The nalyses showed a 
le  hi e nd carbo bl ck m trix s ter d with red pigment articles, typically hema-
tite d v rmil on. Thi  s ls  in acc dance with the findi gs o  a portrait of Henri III, 
ece t y dis ov red and ss ciate  to Hillia d’s w rk in Franc [20]. In the second group 
f objects, corresponding o h  tylistic chang during t e 1580s, th flesh tones appear 
p l , with a p ef renc  for red l d as th ain r d comp n nts, although the use of red 
l k s, o faded, cann t be ru ed ou . Y low pigments, such as lead tin yellow and goe-
th , were also i ntified, seldom mixed with azurite.  
Th  re ults are d scr bed i  Table 3 and c roborate what H lliard d scribed in his 
tr atise. Lead whit and r d l ad w r nde d th  at rials he recommended to use for 
 rn tion; i  th  cas  of a pal  complexi n the use f the r d co ponent, sometimes 
ixed wit  s all am nt f m stico e ( t m hat at t s peri  sh uld b  understood 
s l ad tin yello  [21 22]), was r duced, where  for swarthy one, masticote and ochres 
shoul b  dd  [15]. Si ilar mixtures a als d scribe  by N r ate, although he does 
n  m on the u of masticot [1]. Additio ally, cientific analys  rev aled th  pr sence 
of v rmil o , which was isco r ge  by Hilli d and Norgat  n their reatises but was 
c sist ntl mployed in the flesh tones analysed.   
T e volume of the m u  as buil up start g wi h t o sh rt brown lines painted 
at corner (Figur  1); vermilio i  the main pigm t s d fo  t e lips during the French 
p rio , whereas rom the 1580 , pink lak s nd ed lead ar  pref rred. The separation line 
b t e n u p r an low r lip consisted of a r d lake. Thes  results confirmed hat was 
wri ten by Hilliar  and Norg , as th  materi ls to b used fo  th  mouth were lake, red 
l d, and a wh te pigment [1,15]. Verm lion was identifi d by cientific analyses as an 
additional pigm nt present.  
The ey s r inv tigat d in ver l area : ash lines, the eyelid fold, and the 
inner corn r. Th  eyelash a d ey lid li s w r  gene l y traced with a black or a iluted 
br wn igment, probably of o g n c origi  nd partially faded. A s nd, darker line cov-
ere the firs  ne and was mad  of arbon l ck and what looks like organic brown pig-
m n (Figure 2 ); n the l te rtrait , th  s cond lin  appears to be applied only on the 
e elash n  an t o h y lid fold (Figure 2b). The ly excepti  is on E.1178-1988, 
w  t  f st l es re tr c w t  a red material. Th pr ence f eyela hes is shown 
o ly n the portr t f n unk own woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hil d wr te that th  tlines f th aci l featur s should be drawn by a fine pencil 
(to b  underst s  brus ) with a f int r s  colour made of a lake [15]; this probably 
or sp s to t b own l n of or an c origi  see during the analyses.  
The yes’ i ne c rn r, when vis ble, i  pai ted wi h a red material, the composition 
of w ich vari s for each miniature.  
Tabl  3. Mi ia re by Ni ol s Hi l ar  which h ve undergon  ech ical a d sc entific examina-
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obj c s that he p t d i France ( . 4- , P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studi  in his article. It har cterised by highly worked and fully 
modell d fle h tones, chiev d by pplying many lay rs of p int. The nalyses showed a 
le  hi e nd carbo bl ck atrix s ter d with red pigment articles, typically hema-
tite a d vermil on. Thi  s ls  in acc rdance with th  findi gs o  a portrait of Henri III, 
rece tly dis ov red and ssociate  to Hillia d’ work in Franc [20]. In the second group 
f objects, corresponding o h  tylistic chang during t e 1580s, th flesh tones appear 
pal , with a p f renc  f r red l d as ain red comp n nts, although the use of red 
l k s, ow fade , cannot be r ed u . Y llow pigme ts, such as lead tin yellow and goe-
hi , wer  also i entif ed, seldom mixed with azurite.  
h  r ults e d sc b d i  Table 3 an  c roborate what H lliard d scribed in his 
t atise. Lead whit a  r d l ad w r nde d th  at rials he recommended to use for 
e rn tio ; in th  cas  of a pal  complexion he us f the r d co ponent, sometimes 
ixed wit  s all am nt f m stico e (  t m hat at t s peri  sh uld b  understood 
l ad tin yello  [21 22]), s r duced, where  for  swarthy one, masticote and ochres 
shoul b  dd [15]. Si ilar mixtu es a als d scribe  by N r ate, although he does 
n  m on the u e of masticot  [1]. Additionally, scientific analys  rev aled th  pr sence 
of vermil o , w ich w s i co r ge  by Hilli d and Norgat  n their reatises but was 
co sis tly employed in the flesh tones analysed.   
T e vol me of the mou h as buil  up start ng w h t o sh rt brown lines painted 
at th corn r (F gur  1); vermili is the main pi me t s d fo  t e lips during the French 
p rio , where s rom the 1580 , pink lak s and ed lead ar  pref rred. The separation line 
b  u p r an low r lip con isted f a r d lake. Thes results confirmed hat was 
wri ten by Hilliar  and Norg e, as th  materials to b  us  fo  th  mouth were lake, red 
l d, and a wh te pigm [1,15]. Vermilion w s identifi d by cientific analyses as an 
additional pigm nt present.  
T yes r inv tig t d  ver l area : ash lines, the eyelid fold, and the 
inner corn r. Th  ey lash a d y lid l s w r  gene l y traced with a black or a iluted 
brown igment, probably o o g n c origi  nd partially faded. A s nd, darker line cov-
ere th first n and was made of arbon bl ck and what looks like organic brown pig-
m n s (Figure 2 ); n the late rait , th  s cond in  appears to be applied only on the 
ey lash n  an t on he y lid fold (Figure 2b). The ly excepti  is on E.1178-1988, 
w ere t  fi st l s re tr c  w t a red m terial. T  pr ence f eyela hes is shown 
only o  th p rtr it f  unk own woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figur  2b). 
Hil r wr t that th  o tlines f th aci l featur s should be drawn by a fine pencil 
( o b understo d s  b us ) with a f int r s  colour made of a lake [15]; this probably 
or sponds t  t b own l ne of or an c origi  see during the analyses.  
Th y s’ i ne c rner, wh n vis ble, i  pai ted wi h a red material, the composition 
of w ich vari s for each miniature.  
Tabl  3. Mi ature by Ni ol s Hill ard which h ve undergon  ech ical a d sc entific examina-
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obj c s tha he p i t d i Fr ce ( . 4- , P.155-1910) d a portrait of an unknown 
man (E.1177-1988) studi  in his article. It char cterised by highly worked and fully 
modell d fle h tones, chiev d by pplying many lay rs of p int. The nalyses showed a 
le  hi e and carbo  bl ck trix s ter d with red pigment articles, typically hema-
tite a d v rmil on. This s ls  in acc dance with th  findi gs o  a portrait of Henri III, 
ce t y dis ov red and ass ciate  to Hillia d’ w rk in Franc [20]. In the second group 
f objects, co responding o his tylistic chang during t e 1580s, th flesh tones appear 
p l , with a p f rence f r red l d as  ain red comp n nts, although the use of red 
l k s, o fade , cannot be r ed u . Y low pigme ts, such as lead tin yellow and goe-
h , wer  also i ntif ed, seldom mixed with azurite.  
h  r ults e d sc b d i  Table 3 an  co roborate what H lliard described in his 
t atise. Lead whit a  r d lead w r nde d th  at rials he recommended to use for 
 rn tio ; i  th  cas  of a pal  complexi n he us  f the r d co ponent, sometimes 
mixe  wi  small am unt f m stico e ( t m that at t is peri  sh uld be understood 
l a tin y llo  [21,22]), s r duced, where  for swarthy one, masticote and ochres 
shoul b  dd [15]. Similar mixtu es a als describe  by N r ate, although he does 
n  me tio  the use of masticot [1]. Additionally, cientific analys  rev aled the presence 
of v rmil o , w ich w s i co r ge  by Hilli d and Norgat  in their reatises but was 
c sis tl mployed in the flesh tones analysed.   
T e vol me of the m u  as built up start g w h two short brown lines painted 
at co n r (F gure 1); vermili i  the main pi me t s d fo  t e lips during the French 
p rio , wher s from the 1580 , pink lak s nd ed lead ar  pref rred. The separation line 
b e  u p r an low r lip con isted f a r d lake. Thes results confirmed what was 
ritten by Hilliard and Norg te, as th  materi ls to b us  fo  th  mouth were lake, red 
l d, and a wh te pigm  [1,15]. Vermilion w s identifi d by cientific analyses as an 
additional pigment present.  
T yes r inv tig t d  veral area : ash lines, the eyelid fold, and the 
inner corn r. The ey lash a ey lid l s w r  general y traced with a black or a diluted 
b wn igment, probably o organ c origi  and partially faded. A s nd, darker line cov-
ere the first on and was made of arbon l ck and what looks like organic brown pig-
m n  (Figur 2 ); on the l ter o raits, th  s cond ine appears to be applied only on the 
e lash n an t on h y lid fold (Figure 2b). The ly exception is on E.1178-1988, 
w e the first l n s re tr c wit  a red m terial. T e pr ence f eyelashes is shown 
o ly  th p rtr t f a  unk own woman (P.8-1945), where dots are painted on the 
lower eyelash line (Figur 2b).
Hil wr t that th o tlines f th  faci l featur s should be drawn by a fine pencil 
( o be underst d s  b us ) with a faint r s  colour made of a lake [15]; this probably 
or esp ds t  t b own l n of or an c origi  seen during the analyses.  
The y s’ i ne  corn r, wh n vis ble, i  pai ted wi h a red material, the composition 
of w ich varies for each miniature. 
Tabl  3. Min t re by Ni ol s Hi l ar  which h ve undergon  ech ical a d sc entific examina-
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obj c s tha  he p ted i Fr ce (P.154-19 0, P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studied in his article. It is har cterised by highly worked and fully 
modelled fle h tones, chiev d by applying many lay rs of paint. The nalyses showed a 
l  hi e nd carbo bl ck trix s ter d with red pigment particles, typically hema-
tite and v rmil on. Thi  s ls  in acc dance with th  findi gs o  a portrait of Henri III, 
ece t y dis ov red and ss ciated to Hillia d’ w rk in France [20]. In the second group 
o  objects, corresponding to h  tylistic change during t e 1580s, th  flesh tones appear 
p le, with a p ferenc  f r red l ad as main red compon nts, although the use of red 
lakes, fa ed, cannot be r led ou . Ye low pigme ts, such as lead tin yellow and goe-
th , wer  also i ntif ed, seldom mixed with azurite.  
he results are d sc bed in Table 3 an  c roborate what H lliard d scribed in his 
t atise. Lead whit and r d l ad w r  nde d th  at rials he recommended to use for 
 rn tio ; i  th cas  of a pal  complexi n he us  of the red co ponent, sometimes 
ixed wit  all am nt f m stico e (a t m hat at th s peri  sh uld b  understood 
l ad tin yello  [21 22]), s reduced, where  for swarthy one, masticote and ochres 
shoul b  dd [15]. Si ilar mixtu es ar als d scribe  by Norgate, although he does 
n  m on the u of masticot [1]. Additionally, cientific analys  rev aled th  pr sence 
of vermil o , which was iscour ged by Hilli d and Norgate n their treatises but was 
c sis tl mployed in the flesh tones analysed.   
T e vol me of the m u  as buil up start g th two sh rt brown lines painted 
at orn r (Figur  1); vermili n i  the main pi me t s d for t e lips during the French 
perio , where s rom the 1580s, pink lak s nd ed lead ar  preferred. The separation line 
b e  u p r an low r lip con isted f a red lake. Thes results confirmed hat was 
wri ten by Hillia d and Norg , as th  materi ls to b us  fo  th  mouth were lake, red 
l d, d a wh te pigm [1,15]. Vermilion w s identifi d by cientific analyses as an 
additional pigm nt pres nt.  
T yes r inv tig t d  ever l area : ash lines, the eyelid fold, and the 
inner corn r. The ey lash a ey lid l nes w r  gene l y traced with a black or a iluted 
br wn igment, probably o o gan c origi  nd partially faded. A se nd, darker line cov-
ere the first n  and was made of arbon lack and what looks like organic brown pig-
m  (Figure 2 ); n the l te  trait , th  s cond in  appears to be applied only on the 
e elash n  an t o h  yelid fold (Figure 2b). The ly excepti  is on E.1178-1988, 
w  t  fi t l s re tr ced w t  a red m terial. T  pr ence f eyela hes is shown 
o ly  the portr t of n unk own woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figur 2b). 
Hil wrot that th  o tlines f th aci l features should be drawn by a fine pencil 
( b underst d s  b us ) with a f int r s  colour made of a lake [15]; this probably 
or esp ds t  t b own l n of or an c origin see  during the analyses.  
Th  y s’ i ne corner, wh n vis ble, i  pai ted with a red material, the composition 
of w ich vari s for each miniature. 
Table 3. Mi at res by Ni ol s Hi l ar  which h ve undergon  ech ical a d scientific examina-
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objects t at he pa n ed n Fr nce P. 54-1910, P. 55-1910) and po trai  f an kn wn
an (E.1177-1988) studi in t is rtic . It is c ar t ri e  b  ig ork d nd fully
mo elle  flesh tones, ac ev  by applyi g ma y l ye s of p nt. Th  an yses showed  
lead wh t  nd carbon black at x s tter d ed pigm particl s, typi ly h ma-
tite an  milion. This s also i  a co anc wit th fi gs on a p r rait f He i II,
rec ntly disc ver d d a o ia ed to Hilliard’s w k i  Fr ce [20]. In th sec nd roup
of objec s, cor sp di g to his styl stic hange duri g t 1580s, t e f s  tone  app ar
pal , with a pr ference for red l ad as the main r  c mp n nt , although th u f r d 
lakes, n w faded, cannot b ruled out. Y l w pig nts, such as l ad ti yellow and go -
t i e, were lso identified, ldom mix d w th zurite.  
Th  r sults a esc ibed in Tabl  3 n  co robo what Hilli r  desc ibed in hi
re tise. L ad whit  and red ad wer i deed mate ials h  r co m nd d to us for
the carn ion; in the case f p l  complex on th use of he red co p ent, etim s
mixed with a sm ll amount of masti ote (  t r  at at this p ri d h u d b  u rst d
as le ti yellow [21,22]), w s r c d, wh r as fo  a swa thy n , masticote an ochr
should b add  [15]. Similar mixtur s ar  also escrib  by Norg t , lt ough he does
ot menti  t e use of mast cote [1]. A d tion lly, scie t fi  a a es r ve d the p esence
of vermilion, whi h was i c urag  by Hi liar and Norg i  t eir treatis bu was 
consistently e pl yed in the fl s tone naly ed.  
The volum of the m uth was built up tar i  w  tw  short brow  lin s p ted
at the c rne s (Figure 1); vermilion i  th  ma  pigm nt used for th  lips uring th  Fr nch
iod, wher as from the 1580s, pi k s d red l a ar  p f r e . The p ration lin
b t en upper an  low r lip co sisted of a ak . Th s  r sul s conf r ed wh w s
wri ten by Hilliard a d Norgat , s the ter ls be u d for he ou h l ke, r
lea , a d a wh e pigm  [1,15]. Vermilion was id t f e  by scientific nalyses as an 
additional pigm nt pre nt. 
Th  eyes w r i v stigat d i  ev al ar as: t li , t i f d, nd h
in er c rner. The e elash d e el  li es were e e ally t aced wit  bl ck  iluted 
b wn pigme t, pro ably of ganic igi  parti y f d . A ec d, darke  li cov
er d th fi s o  and w s made of carbo  bla k n what oks lik rg nic b ow pig-
m nt (F gure 2 ); n the at r po tr its, t e sec lin  ppea  o b  applie onl on th
yelash line and ot on t  ey lid fold (Figu 2b). T o l xc pti  is on E.1178- 988,
wher the rst li es are traced ith  mate ial. T e presenc  f ey lashes is sh
only on the portrait of an unknown woma  (P.8-1945), wh re dots are painted on the 
lo e  yel h line (Figure 2b).
Hilliar  wrote th t he lin s f t e faci l fe t h d e rawn y a fine pencil
(t be understo d as a brush) with a fai ros  c lour mad of a l ke [15]; this pr b bly 
cor spon s to t e b lin  of orga ic o ig  s en du i g analy s.
Th eyes’ ner corner, w en v sible, is painted wit  red aterial, the composition 
of w ich varies for each miniature.  
T bl  3. Miniatur s b  Nicholas Hilliard w ich hav  n ergone technic l and scientific examin -
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objec s that he pa ted i  Fr nce P. 54-1910, P.155-19 0) and po tr  of a nkn wn
man (E.1177-1988) studi in t is rtic . It is c ar teris b  highl ork d nd fully 
ode le  fl sh tones, ac eved by ap lyi g ma y l e s of p nt. Th  an yses showed  
lead white nd c rb n bl ck at x s ttered w th re  p g e  particl , typi ly hema-
tite an  milion. Thi  s also in a co anc  w th th fi gs on a portrait of He ri II, 
rec ntly dis ver d and o ia ed to Hil ard’s w rk in Franc  [20]. In th sec nd roup
of object , cor sp nding to hi  styl stic ha g d ri g t e 1580s, t fl s  tones ppear 
pal , wi h a pr ferenc for red l ad as the main r  comp n nts, lth ugh h u  of r d 
akes, now faded, cannot b ruled out. Y l w pig nts, such as lead ti yell w and go -
t , wer  lso iden ified, ldom m xed th zur te. 
The re ults  scribe in Tabl 3 n  c r bo what Hilli  scribed in hi  
r tise. Le d white and red d w r i deed h  at ial h  r c m nd d to us  for 
the carn ion; n the case f p l  co plex on th  use of he ed co p ent, etim s 
mix with a s ll amount of masticote (a rm t a  s p ri d uld b  un rst d
as le  ti  yellow [21,22]), w s r uc d, wh reas fo  a swa thy n , masticote an oc res 
houl  b adde  [15]. S ilar m xtur s ar  so sc ib by Norg t , although he oes 
o  mention t e use of masticote [1]. A d tion lly, sc e t fi  ana s s reve d th  p sence
f vermilion, w i h was di c urag  by Hilli rd and Norg  t eir r atises but w s 
co sist ntly employed in t fl s tone naly ed.  
The volum of th  m uth was b il  up t r  th two sh t brow  lin s pai t d
at th  c ne  (Figur  1); vermilion i  the main igm nt us d for h  lips uring th  Fr nch 
ri d, wh r s from the 580s, p k a d red lead ar  pr f rre . The p ation lin
b tween upp r n  l w r lip c sist d of a ak . T s r sul s confi ed ha w s
wr tten by H lliard and Norga , s th ter als be use  for he ou h er l ke, r  
lead, n  a wh e pigment [1,15]. Vermilion was id t f ed by scientific analyses as an 
a ditional pigm nt pre nt. 
The yes e i v stig t d i v l r a : t i , t i fo d, nd the 
in er c rn r. The elash eyel d li es were e lly t ace  with bl ck o  iluted 
br wn pigme t, probably of g ic rig n  pa ti y fad d. A sec d, rker l n c v-
er d h fir t o  a  w s made of carbo  b ack what ooks lik  rg nic b ow pig-
ments (Figur  2 ); on the at  po tr it , t e s l n  ppea s o b a plied onl on the 
y l s line and not on h  eyel d fold (Figure 2b). T  l xc pti  is on E. 178- 988, 
w r  the irst li es r  trace ith red material. T  pres nce f eyela hes is sh
only on the portrait f a  unknown woma  (P.8-194 ), wh r  dots are painted on the 
lo e  y l sh l ne (Fig re 2b).
Hilli rd r te that he u lin s f t e ac l fe tu es ho d be drawn y a fine pencil
(t b  under t d a a brus ) with  f in ros  c lour made of a l k [15]; thi  p ob bly 
corr sponds to th  b n lin  of orga ic o igi  en du i g analys s. 
Th eyes’ ner c rn r, w e  v sible, is painted wit red aterial, the composition 
of w ich vari s for each miniature.  
Table 3. Mini tures b  Nicholas Hilliard w ich have ndergone tech ic l and scientific ex mina-
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objec s t at he p d  France . 4- , P. 55-19 0) nd po tr  f a  u kn wn
an (E.1177-1988) studi  t is rtic . It  char t ri  b  ig l ork d nd fully
mo e l d flesh tones, ac ev  by p lyi g many laye s of p int. Th  analyses showed  
lead wh t nd c rb n bl ck atr x sc tter d e pig e articl , typic lly h ma-
tite a  v rmili n. Thi  is also i  a cor an w t  th fi gs on a por rait f He i II,
rec ntly discover d d so a e  to Hil ard’s w k i Fr c  [20]. In the second roup
f objec s, cor sp di g o hi  styl stic a g du ing t 1580s, the f s  tone ppear
pal , with a p f renc for red l d as the ain r  c mp n nt , lth ugh h  u e f r d 
l k s, n w f ded, cann t b ru ed out. Y l w pig nts, such as lead tin yell w and goe-
thi , were also iden ified, ldom m x d th zur te. 
Th  r ults sc ib i  Tabl 3 n  c r bo ate what Hilli  sc ibed in hi
r atise. L d whit and red ad w r i deed mat rials h  r co m nded to use for
he carn ion; n the case f p le co pl xion th use f he r d co ponent, ometim s
mixed with  ll amount of masti o e (  r  t a s peri d ould b  u ersto d
as le ti yello  [21,22]), w s r c d, wh r as fo  a swarthy n , masticote an  oc r
houl  b  add  [15]. S ilar m xtur s a  so s rib d by N r t , lthough h  oes
o ment  the us of mast cote [1]. A d tio lly, sc e t fi  ana s r v d th  p sence
f vermilion, w i h was i c urag  b  Hi li r and Norg t  their r atis  but w s 
co sist ntly e pl yed in t  fl s tones analy ed.  
The volum of th  m u was buil  up t r g  tw sh t brow  lines p t d
at th  c ers (Figur  1); vermilion is th  ma  igm t us d fo  h lips uring th  Fr nch
i d, wh r as from the 580 , p k d red l a ar  p f r e . The pa ation lin
bet en upp r nd lower lip c sist d of a lak . T ese r sul s confi ed h w s
wr ten by Hilliard a d Norga e, s th  ater ls be u for he ou h  lake, r
lea ,  a wh e pigm  [1,15]. Vermilion was id tified by scientific analyses as an 
additional pigm nt pre nt. 
Th  y w i v stig t d i  v r l r : the ey l sh i , the ey li f d, nd he
n er c rn r. The yelash e l  lin s were er lly t ace  with black   iluted 
b wn pigment, pro ably of g ic igi nd part l y f de . A c d, d rke  l e c v
er d the fi t o  and w s mad  of carbo bl k n what oks lik rg nic b own pig-
m nt (F gur 2 ); on the at  o tr t , t e s n l n appea s o be a plied only on the
yelash lin  and ot on t ey l d fold (Figure 2b). T l exc pti  i on E. 178- 988,
w re the irst li es r  trace  ith a d mate ial. The pr s nc of ey la hes is shown
only on the portrait f a  unknown woma  (P.8-194 ), wher  dots are painted on the 
lo er y l h l ne (Figure 2b).
Hilliar r te that he in s of t e ac al fe t h u d e drawn y a fine pencil
(to b  under t od as a brus ) with a fain ros c lour made of a l k [15]; thi  p b bly 
cor esponds to th br w lin  of orga ic o ig  en du ing analys s.
Th eyes’ ner c rn r, w e  v sible, is painted wi red aterial, the composition 
of w ich vari s for each miniature.  
T ble 3. Mini tur b  Nicholas Hilliard w ich hav  u ergone tech ic l and sc entific ex mina-
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obj cts t at he p d n Fr nce . 4- 1 , P.155-1910) d  po tra  f an kn wn
an (E.1177-1988) studi  is rtic . It c ar t ri e by hig l ork d nd fully
o e l  fl sh tones, ac ev  by pplyi g ma y l s of p nt. Th  an yses showed a 
le d wh nd carbon black at x s tter d red p gme articl s, typi lly hema-
tite  mili n. This s also i  a co a w t th  fi gs on a portrait of Hen i II,
r c tly dis v r d d a o ia e  to Hil ard’s wo k i  Fr nc [20]. In th second roup
f objec , c r sp di g o his styl stic ang d i g t 1580s, t fles  tone  appear
al , wi h a p f rence for r d l d as th ain r c mp n nt , although h u  of r d 
k s, n w f ded, cann t b ru ed ou . Y l w pig nts, such as lead tin yellow and go -
t , wer  lso i en ified, ldom m x d w th zurite.  
The r ults esc ib i  Tabl 3 n  co robo t what H lli  described in hi
r tise. L ad whit and r d ad w r deed at ial h  r co mend d to us  for
 rn ion; n the cas f p l  co pl x on th use f the r d co p ent, etim s
mix with m ll amount f masti o e (  t  t at t t is p ri  h uld b  u rst d
as le ti  yello  [21,22]), w s r c , wh r  for swa thy n , masticote an  oc r
shoul b dd  [15]. Similar m xtures a e als s ib  by N r at , lthough he does
ot ment t e us of mast co e [1]. A tion lly, sc e t fi  ana ys r v d the p esence
of vermil on, whi h was i c ur g  by Hi li and Norg t in t eir reatises but was 
consisten ly e pl yed in t fles tone  naly ed.  
T e volum of th m u was built up tar  w tw  short brow  lin s paint d
at the c e (Figu  1); vermilion i  th mai  pigme t sed fo  t lips uring th  Fr nch
iod, w r s from the 580s, p k d ed l a ar  p f rre . The ep ation lin
b t en per an l w r lip c sist d of a ak . Thes results confir ed wha w s
ri ten by H lliard a d Norg t , as th ater als o b u d fo  h ou h er l ke, r
lea ,  a wh e pigm  [1,15]. Vermilion was id tifi d by cientific analyses as an 
a ditiona pigm nt pre nt. 
Th y i v tig t d i  v l ar : i s, the eyeli f d, nd he
in er c rner. The lash d e l  li s w re e al y t ace with black o a diluted 
b wn pigme t, pro ably of gan c igi  pa t l y f ded. A s d, darke  l ne c v
er h fi t o  a w s ma of carbo b k what l oks lik org nic b ow pig-
m n (F gur  2 ); n the at r o tra ts, t  s c l n appea s to be a plied only on the
yelas n  an t n h y lid fold (Figure 2b). T  l exc ption is on .1178-1988,
wher the irst l es are tr ce ith d mate ial. T e pr enc f ey lashes is shown
only on the portrait f an unknown woma  (P.8-194 ), where dots are painted on the 
lo e  yel h line (Fig re 2 ).
Hil r wr te th t h  n s f t e f c l fe t h d b  drawn y a fine pencil
(  b  understo  brush) with f i r s  c lour made of a l k [ 5]; thi  prob bly 
cor spon s to th b l n f or a c o ig  en du i g analyses.  
Th eyes’ ner c rn r, whe  vis ble, is painted wi h red material, the composition 
of w ich varies for each miniature.  
T bl  3. Mini tur b  Ni ol s Hilliard w ich h ve n ergon  ech ic l a d sc entific examina-
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obj c s that p ted  Fr nce P. 54-19 0, P.155-1910) d portr f a  kn wn
an (E.1177-1988) studi d his rtic . It i char terise b  hig l ork d nd fully
o e le  fl sh ones, achieved by ap lyi g any la s of p nt. The an yses showed  
le d hi nd c rb n bl ck a x s tter d red p gme particl s, typic lly hema-
tite n  m li n. T i  s also in a co a w th th  find gs on a portrait of He i III,
rec tly dis v r d and s o ia ed Hil ard’ w k in Franc  [20]. In th  second roup
of objec , cor sp ding to hi  styl stic a g d i g t e 1580s, t  fl s  tone  appear
pal , w  a pr ference f r red l ad as e main re compon nt , although h us  of red 
akes, now f ded, cannot b  r led ou . Ye l w pigm ts, such as lead tin yellow and goe-
t , wer  lso i en if ed, l om m x d ith zur te. 
he r ults r  sc ib in Tabl 3 n  c r bo at what H lli  d scribed in hi
r tise. Le whit an  r d ad w r deed at ial h  r co m nded to use for
 rn ion; n the cas f p l  co pl xion h  us of he red co po ent, metim s
mix with all am unt of masti o e (a m at at s p ri uld b  u rsto d
le ti  yellow [21,22]), s r c d, wh re  fo  swa thy n , masticote an  oc r
houl b dd  [15]. S ilar m xtu s a  s s ib  by Norg te, lthough he does
o ment t e use of ma cote [1]. A tion lly, sc e t fi  anal s r v  th  p sence
f vermil on, w ich was i c ur g  by Hi li and Norgate their treatises but was 
co sis tly e pl yed in t fl s to naly ed.  
T e vol m of th m u was buil  up tar g th tw s t brow  lin s paint d
at th c e (Figur  1); v m li n i  the mai  pi m t s d for e lips during th  Fr nch
ri d, wh r s from th 1580s, p nk d ed l ad ar  p f rre . The pa ation lin
w en u p r n l r lip c ist d f a e lak . T es r sul s confir ed ha w s
wr ten by H ll ard and Norga , s th mater ls o b used fo  h  outh er l ke, r
l a ,  a wh e pigm [1,15]. Verm lion w s ide tifi d by cientific analyses as an 
ditional pigm nt pre nt. 
The y s i v stig t d v al r : sh i , th ey li f d, nd he
er c rn r. The lash ey l d l es w re g er l y t aced with a black o  iluted 
b wn pigme t, prob bly o  g c igi  pa t y f ded. A se d, darke  l ne c v
er h firs  o w s m d of carbo b a k d what looks lik rganic brown pig-
m n (F gur  2 ); on th at  o tr t , t s nd n appears to be a plied only on the
eyel s n an t o th y l d fold (Figure 2b). The l excepti  is on E.1178-1988,
w r t  rst l s r  tr ce  ith re m terial. T  pr nce f ey la hes is shown
only o the portrait of a  unknown woma  (P.8-1945), where dots are painted on the 
lo e y sh l ne (Fig r 2b).
Hil r r te that  o in s f t e ac l fe t es hou d b  drawn y a fine pencil
( b  und r t d  b us ) with f in r s  colour made of a l k [15]; thi  probably 
cor spon s t th b n l nes of or a c rigi  en du ing analyses. 
Th eyes’ ner corn r, w  v s ble, is painted with red material, the composition 
of w ich vari s for each miniature.  
Tab e 3. Min t r s b  Ni ol s Hilliard w ich h ve n ergon  ech ic l a d scientific examina-
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obj c s t at h  p d  Fr nce ( . 4- , P.155-1910) d a po tr t f a  known
an (E.1177-1988) studi is rtic e. It  char ct ri ed b  hig l  ork d and fully
o e l  fl sh ton s, ac v by p lying any lay s of p nt. Th  an yses showed  
le d h nd c rbon bl ck ix s attered red pigment articl s, typically hema-
tite  m li n. Thi  s als i  a co a e w t th  fi i gs on a portrait of He i II,
rec t y disc vered d o ia e Hil ard’ w k i  Fr nc  [20]. In th  second group
f objec s, c r sp di g o hi  stylistic a g du i g t 1580s, t e fl s  tone  appear
l , w h a p f renc f r r d l d as ain re c mp nent , although he u  of red 
l k s, n f ded, cann t b r ed out. Y low pig e ts, such as lead tin yellow and goe-
t , wer  lso i n ified, s ldom m x d ith azur te. 
h  r ults  sc ib i  Tabl 3 n  c r borat what Hillia d d scribed in his
r tise. L d whit an  red ad w r i deed mat ials h  r co m nded to use for
he carn ion; n th cas f a pal  co pl xion h us f he r d co po ent, s metim s
mix d with all mount f masti o e ( r  at at s p ri  s uld b  u rstood
le ti yello [21,22]), s r c , wh r  fo  a swa thy ne, masticote an  oc r
houl b add  [15]. S ilar m xtu s a e s d s rib  by N r t , lthough he does
o me t  t e us of mas co [1]. A d tion lly, c e tific ana s s r v al  th  pr sence
f vermilion, w i h was i c rag  by Hi li and Norg t their reatises but was 
c si tl pl yed in t  fl sh to nalysed.  
T  vol m of the m u was buil up tart g t sh t brow  lin s paint d
at c (Figu  1); v rmili n i  th mai  pi me t us d fo  lips uring the French
i d, w r s from the 1580 , p k nd red l a ar  p f rred. The s pa ation line
b en pp r n l w r lip c n ist d f a lak . T ese r sul s confir ed hat w s
r ten by H lliard a d Norg , s th ater ls o be u d fo  he mou h were l ke, r d
lea ,  a white pigm  [1,15]. Vermilion w s identifi d by scientific analyses as an 
additiona pigm nt pre t. 
Th y s w inv st g t d  v al r : the ey l sh i , the ey lid f d, and he
er c rn r. The lash e l l s were er lly t ace  with black or  iluted 
b wn p gme t, pro ably o rg ic igi  part y f ded. A s c nd, darke  l ne c v
er th fi t on  and w s m of carbo l k nd what l oks lik rg nic b own pig-
m nt (F gur 2a); on th t o tr t , t e s on in appea s to be a plied only on the
yelash n and ot ey l d fold (Figure 2b). T  o l exc pti  is on E.1178-1988,
the rst li s r  tr ce ith d m te ial. T e pr s nc  of ey la hes is shown
o ly the portrait f a  unknown woman (P.8-194 ), where dots are painted on the 
lo e y l h l ne (Figur 2 ).
Hil rd r te that h n s f t e c l fe t e sh uld b  drawn y a fine pencil
(t b  und r t d s  b us ) with a faint ros  c lour made of a lak [15]; thi  prob bly 
cor sp n s t  b lin  f or a ic ig  e  du ing analyses. 
Th eyes’ ner corn r, w  v sible, is painted wi h a red material, the composition 
of w ich vari s for each miniature.  
T b  3. Min t r by Nicholas Hi liar  which h ve n ergon  tech ical and sc entific examina-
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obj c s t at pa d Fr nce ( . 4- , P.155-1910) d a po tr it f a  kn wn
an (E.1177-1988) stu i in t is rtic . It har ct ri ed by hig l ork d and fully
o ell fl sh on s, c ev by p lying any la e s of p nt. Th  n yses showed a 
le h nd c rb n bl ck x s tter d red p gmen articl s, typic lly hema-
tite a m l on. T i  s ls i  acco anc wit th  fi i gs o  a portrait of Hen i II,
r c t y dis v r d d o ia e  Hillia d’ w k i  Fr nc [20]. In th  second group
f objec , c r sp di g o h  tylistic ha g d ri g t 1580s, t flesh tone  appear
l , w  a p f rence f r r d l d as ain re  c mp nent , although th u  of red 
k s, n faded, cann t b r ed ou . Y low pig e ts, such as lead tin yellow and goe-
t , wer  lso id ntified, l om mix d ith zur te. 
he r ults a  sc b  i  Tabl 3 n  c r borat what H lli rd d scribed in his
r tise. Le whit  an  r d ad w r ndeed at ial  h  r co mended to use for
 rn ion; i th cas  f p l  compl xion h us f the r d co po ent, metim s
mix with s all am unt f m sti o e ( at at s p ri d uld b  u rsto d
le ti  yello [21,22]), s r c , wh r as for swa thy ne, masticote and ochr
shoul  b dd  [15]. S ilar mixtu es a s  sc ib  by N r at , lthough he does
 menti  us of ma co [1]. A d tio lly, cie t fic ana ys r v l d th  p sence
f vermil o , w i h was i c ur g  by Hi li r and Norg t  n their reatises but was 
c sis l pl yed in the fles to naly ed.  
The vol m of th m u as b il up tar g w  tw sh t brow  lin s painted
at c rne  (Figu 1); v m li n i  th  mai  pi ment sed fo  h lips uring th  Fr nch
i , w r s from th 580s, pi k s d ed l a ar  p f rred. The eparation lin
en p n l r lip co ist d f a lak . T es r sults confirmed ha was
r ten by H l ard a d Norg , as th ter ls o be u d for h mou h wer l ke, red
lea , a d a wh e pigm [1,15]. Verm lion w s identified by cientific analyses as an 
a ditiona pigm nt pre nt. 
Th eye r v stig t d  ev al r a : sh li s, the eyeli  f ld, nd he
er c rn r. The e lash e l l s w r er l y t ace with black or a iluted 
b wn igme t, pro bly o rg c igi pa tia y f ded. A s nd, darke  line cov
er h firs o  w s m  of arbo k d what l oks lik org nic b own pig-
m n (F gu  2 ); on th t o trait , t  se n in appea s to be applied only on the
yelas l n an t th yel d fold (Figure 2b). T  l exc pti  is on E.1178-1988,
w t  irst l s r  trac it  d m te ial. T e pr nc  f ey la hes is shown
o ly the portrait f a  unknown woman (P.8-194 ), where dots are painted on the 
lo e  y h l ne (Fig r 2 ).
Hilli r r te that t e l nes f t  cial fe t e h u d be drawn y a fine pencil
( b und r t d b us ) with f int r s c lour made of a lake [15]; this prob bly 
or sp n s t th b l n f organ c ig  s e  du ing analyses.  
Th yes’ ne  corn r, wh n vis ble, i  pai ted wi h a red material, the composition 
of w ich vari s for each miniature.  
T b  3. Min t r b  Ni ol s Hi l ar  w ich have n ergone ech ical a d sc entific examina-
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objects that e painted in Fra c  (P. 54-1910, P. 55-19 0) d o tr i  of  u k w
m n (E.1177-1988) studi in t is ar icle. It is c ar ct r s b gh work d nd fully 
odelled flesh tones, ac eve by applying m y l yers of p i . Th a yses s we
l ad white and carbo  bl ck tr x sc t er  w th p g en p rtic , typ ly h ma-
tite and vermili n. Th s  als  in a c rda c  w h t e fin g n a r rait f H i II
rec ntly disc ver d an  soci te t  Hill ard’s w rk in F [20]. I e sec n group
of obje ts, c rr pon ing to his stylistic change du i 1580s, th f s  nes pp ar 
pal , ith a pr ference for re  l ad as th  ma  r  co p ents, lt oug  th u  f r  
lakes, now faded, ca not b rule o t. Y llow pig ents, suc a le d ti y ll w n  go -
hite, w re lso id ntifie , ldom mixed w t  zur  
T re ults e d cr bed in Tabl 3 an  c r bor  what H lli rd e c bed i hi
treatise. L ad w ite and red lead were inde th  i ls he r c m nded to fo
the c rnation; i  the cas of a p le compl x on t e use f h  ed c mp ent, tim
mixed with a small am t of a t c te (a t rm hat a this peri o l  b n e st d
as l ad ti  yellow [21,22]), was re uce , wher fo  war hy , an chres
should be added [15]. Similar m xtur s ar a so es ib d by N rg t , lth g  h  
n t mention the us  of masticote [ ]. Add ion ly, scie t f c a a es r ve d th  p nce
of v rmilion, whi h was disc r g d by H l i d and N rg i i reat se b w s
consistently employ d n t e f s t nes naly ed. 
The volum of t  mouth as built up st r i with t o ho t br wn lin s p t d
at h  corn rs (Figure 1); v rmilio   h  ma pigm nt s or th  ing t F nch
per od, wh r as from th  1580s, pi k ak s  r d lead  pr fer d. T p tion l n
betwee  upper nd low r lip c sisted of a r d ake. Th se sul s co f  wh t w s
writt  by Hilliard and No g te, the ater ls be us d for the u h w lake, re  
lead, and a wh  pigment [1,15]. V rm ion w s i ent f b  c ntif c n lys  as an 
additiona  pigm nt pre e t. 
The eyes w r  i vestigat d i  v al a s: t e li , t i f , a the
inner corner. Th ey la h and yelid li es er e e ally aced it   black r  iluted
brown p m nt, pr b bly of org nic rig  and p r i lly fad . A econd, arke li c v-
r  t e fir  o  and w s mad  of carbon black d what lo ks ik rg ic b ow pig-
ments (Figur 2 ); on th t r po tr i s, e s c l n pp s to be appl onl on th
eyelash in d o n  ey id fold (Figu 2b). T nly xc p i  i . 7 - 988,
wher  the f st ines ar trac d wit a r m terial. Th p esenc f es i sh
only on the po trai  of an unknown wom  (P.8-194 ), w er do  ar  paint o e
lower eyelash line (Figure 2b . 
Hilliar  wrote that he outlin  f f ci l fe tur s ho e d aw  b a fine p n il
(to be unde to  as a b us ) wit a faint ros c l ur m d of a lak [15]; t s p b bly
corresponds to t e br wn lin of orga c o ig en dur g th analys s.
The eyes’ inner corn r, w n v sible, is painte wit  a red aterial, the composition
of w ich varies for each miniature.  
Tabl  3. Miniatures b  Nicholas Hilliard w ich hav  undergone technical and scientific ex mina-
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obj cts that e p int d  Fr ce . 4- 1 , P. 55-1910)  portr  f n u k w
n (E.1177-1988) studi  in this icle. It i  c a t r s  b g work d nd ful y
o e l d flesh tones, ach eve by pplyi g ma y l yers of p i . The a lyses we  
l  whi  and carbo  bl ck m tr x sc t er pigme rt c s, typ lly h ma-
tite a d vermili . Th s als  in a c r a c  w h t e f n gs n a rait f H i III
rec ntly disc ver d an  so e t H l r ’s w k in F [20]. I th s con roup
f obje s, cor po ing o his stylistic chang du i g the 1580s, th f s e app ar
pal , ith a p renc for e l  as th  mai  r co p nt , alt oug  h us  f r d 
l k s, now f ded, ann t b  r e o t. Y l w pigm nts, suc a l d tin y llow n  go -
hite, w re lso id n ifie , l om m x wit zu e.  
T r ults re d c b i  Tabl 3 and c robo t  what H lli de c b i hi
rea ise. Le d whit  and red l ad wer e  m ls h r c m nded to for
the c rna ion; n the c s o a p le co pl x on th us f h  r c mp nent, etim
mixed with a sm ll am t of a t te ( t rm at t t i  peri o l  b st d
as l a ti  yell  [21,22]), was r ced, wher  o   swar hy n , masticot n  c r
should be ad d [15]. Similar m xtur s r a s es ribed by N r te ltho g h  d
n  menti  th  us of mast cote [ ]. Ad ion ly, c e t f  a a es r ve d th  p ence
of v rmilion, which was disc ur g  b H li nd Norga i t ei r a se  but w s
nsistently e pl y d n t e f s t nes na y e .  
The volu of t  mou h as built up star  wi h t ort br wn li es p t d
at h  co er  (Figure 1); v rmilio   h  ma  pigm n us o  the  u ing t Fr nch
p r od, wh r s from the 1580 , p nk ak  r d l ad e p f r . T p ation l n
b tw e  upp r and lo r l p c s sted of a  ak . Th s sul  confir d wh t w s
wri t by Hilliard and Norg te,  he mater ls  be us for the outh lake, r
lea ,  a wh pigme  [1,15]. V mi ion was e tifi b  ci ntific n lyses as an
additiona  pigm nt pre e t. 
The y  w  i vesti t d i v al ar : t e e i , th y li f d, an  he
inne  cor r. Th y h y l d li ere ge e ally aced it black r  lute
b own m nt, pr bably f o ganic ig n r i lly f d . A c d, rke l e c v
r  t fir t o  and w s mad f carbon bl k d what lo ks ik rga ic b w pig-
m nt (F gur  2 ); n th l t r portr i s, t e sec l n pp rs to be a p only on th
eyelash lin d o n t y id fold (Figur 2b . The nly xcep i  i  on E.1 7 -1988,
wh r  the f st lines a e trac it a r m terial. Th  p s nc f ey lash s is shown
only on th po trai  f an unknown wom  (P.8-1945), w re do  ar  painted o e
lower eyelash line (Figur 2b . 
Hilli rd wr te th t he ou lin f e fac l fe t s h  d awn by a fine p cil
(to be unde to d a a brus ) with a fain  ros col ur m d of l k [15]; th  pr bably
corr spon s to t  br wn lines of g c orig  n dur g t e analys s.
The eyes’ inner corn r, w e  v sible, is painte  wi h red material, t e composition 
of w ich varies for each mi iature. 
Tabl  3. Miniatur b  Nicholas Hilliard w ich hav  un ergone technic l and sc ntific examina-
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obj cts th p i d i Fr ce (P 154-1910, P.155-1910) and a portrait of an unknown
(E.1177-1988) studi d  this a tic . It i c aract r ed by highly worked and fully 
dell d fl sh ones, ach ev by p ly ng many l ers of p int. The analyses showed a
l wh d c b  bl ck m trix s ttered wit red p gment particl s, typi ally hema-
tite and v mili . T also i  a co d n e wit  th  fi ings on a portrait f Henri III,
c tly dis ve d s i te  to H lli r ’s work i Fr nc  [20]. In the second group
 bj c c rr spondi g to h s sty istic c a g i g th 1580s, the flesh t nes appear 
ale, i  a pre renc for  lea as th  main re  c mponents, although the use of red 
k s, n  f e , a not be rule  out. Yellow pigm nts, su  as lead tin y llow and goe-
h t , r  lso i entif e , s l om mix th azu te. 
Th r sul a de cr b  in Tabl 3 and corr borat  what Hilliard described in hi
r i . L whit and d l a w r ee  he t al he r commended to u e for
e c nation; i th case o a p le c mplexion th  us  of the red component, sometim
mix  wit  m ll m u  f tico e (a r  th  at is peri d s ould be und rstood
s l i  yell w [21,22]), was r duce , w r as or a swarthy one, masticot  and ochres
ould b  add [15]. S mila mixtures e so s ib d by Norgate, altho gh he doe
o me on th  u of ma tico [ ]. Additionally, scientific analyses revealed the presence 
vermilion, ich was i cou ed by H lli d an  Norga e in their treat ses but was
nsi ten ly employ d i the f s on ana yse .  
T volu of th m uth w s bui t up sta ting wi  two sh t brown li es painted
at h co er (Fig r 1); ve io  h  m n pigm t us d for e lips uring the French
p i d, w r s from th 1580 , pink lak s and r d l a a  pr f rr d. Th  separation line
twee  pp r n l r l p con t d of ed ak . T ese r sults co firmed what w s
r t n by H ll a  a d Norg te, as th  materials to be u d for the mouth were lake, red 
l , and whit pigme t [1,15]. Ve mi i n was tified by scientific analyses as an
a dit on pi m nt pr e . 
Th  y s ere inv st g te  i  sev r l r s: the ey l sh lines, the ey lid fold, and the 
i e  or r. T ey h e el line were g erally aced with a black or a diluted 
br wn me t, r bly f org c rigin d a t lly fa d. A second, darker line cov-
r d f rs on  was ma f carbon b a k a d what l oks like organic brown pig-
m nt (F gur 2 ); on th  lat r ortra t , t  e ond li  app ars to be appl ed only on the
elas li d o n t ey l d fold (Figu 2b . T  nly xception is on E.1178-1988,
t e fir t lines are trace with a d mate ial. The pres nc of eyelashes is shown 
only on th  po tr of an unknown wom n (P.8-1945), wh re dots are painted on the
lo er y a l n (Figur 2b .
Hil ia r te th t t e t n s f the f cial fe tur sh uld be drawn by a fine pencil 
(t under t o   b us ) with  f nt ros lour made of  lake [15]; this pr bably
cor spo s o brow  lin s f organic orig n en during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of ic  varies for eac  mi iature.  
T bl  3. Mini tur s by Nicholas Hilliard which have undergone technical and scientific examina-
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o je ts that  p t d in Fr (P.154-1910, P.155-1910) n r r i  of nknown
(E.1177-1988) tu d i h s ic e. It i  har by h g l worked nd ful y 
mo ell  fl sh t ne , a h v by p lyi g m y l yer of p nt. The yse  o
l a whi  and c rb bl ck m x s a e  w th i me t p rtic , yp ly hema-
tite nd mi ion. Th s also in c da ce with f n n s a p rait f H nri III
rec tly disc v red and oci  H ll ar ’s wo k i  Fr nc [20]. I h sec nd roup
of bj cts, corr sp nd ng o his ty is c cha g du i th 1580s, fle h t n appear 
pale, ith pre renc  for r  e s h m in e  ponent , al oug  the us  of red 
lakes, no  fa , nnot b  r l d o . Ye low pigment , uc as e d ti y ow an  g e-
ite, w re ls  dentified, s l mix  azu e. 
T  r sul s ar  de cribed  Tabl  3 a d corr bo Hilli rd de cr be in h
r is . L d w ite an r  l ad w  ind th  l he r o m d to u f
the c r tion; i he c e f pal c mpl xi n t e us of the re compo ent, m t m
mixed with a all a u t of s c te ( r  h t t h p d s uld be n tood
as  tin ell w [21,22]), s r duce , wh r r hy , ma icot n oc r s
hould b add [15]. S i ar xtur  r s s ibed by N rg te, lt o g  h  d e
n t mention t  us  f mas co e [ ]. Ad i y, cie fic a a yses r ve e  the p es ce 
f vermilion, whi h wa di cour ed by H l i d n Norga in th i t a se but was
n st ntly ploy d in t  f s t ne n lys .
Th  volu of th  m uth s built up star i g w t  two o t bro n li s pa t d
t h  cor s (Fi u e 1); ver ili n th m n p gm used fo h  lip ing h F nc
peri d, wh r s from h 580s, p nk ak s r l a  ar  p f rr d. T p ration li
betw e  upper n  low r i cons sted f d lak . T  sult  conf m d wh t w s
wr tten by Hill ar an  No g , s h m ials b us  fo mout  w r l k , red 
l ad, a d white p gme t [1,15]. V mi io w s i e t f by sc ntif c n ys s as an
additional igm t p t.  
Th  ey s wer i vesti at d i v l : t e h li es, t i f l , an  the 
inne  c r r. Th elas yel d s wer g erally ace with a bl k r  lu  
brow  p me t, p b bl f or nic or g n p r ia y f d. A seco d, dark li cov-
r d the fi  on and wa mad of carbon b ck nd wha lo ks ike rg ic b own pig-
ments (Figur  2 ); o th l t r o tr i s e se o d li p t b ppl l  on th
y l sh in and n on th  y d f ld (Figur 2b . The l xceptio  is on E.1 78-1988,
wh re t  first nes tr ced d ma r l. Th p e ce of y sh sh
only on th  po trai  f  u kn wn wom n P.8-1945), wh r d r  inted on e
lowe ey lash li e (Figu  2b .
H ll ard r te that t e u l ne f  f cial f atur s shoul be r b fine p nc
(  b  under t od a a b sh) wit  a fain ros  col ur m d of  l k [ 5]; th s pr bably
corr spon s to the b o n lines of g nic origin n dur ng th  analys s.  
Th  eyes’ inner corner, wh n visible, is painte  with a red mater al, the composition 
of ich vari s for each miniatur .  
Table 3. Mini tures by Nicholas Hilliard which have dergone technical and scientific examina-
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o je s that e p d in F ce (P.154-19 0, P.155-19 0) p r r it of a unk o n
n (E.1177-1988) stu e i h s ic e. It i  har t r d by h g orked nd ful y
dell d flesh t nes, a h v by pplying many l y of p in . The alyses w d 
l a  w  n  carb bl ck m r x sca t e w h r pi e t p rtic , pi ally hem -
tite an  v rmi i . Th als  i corda ce f n s  a p trait f H nri III
rec tly disc v r d  so i t  H iar ’s wo k i  Fr nce [20]. I he second group
of bj ts, c r pon ng o h ty is c hang du i g th 1580s,  fle h t ne pp r 
pal , ith a p c  f  r  ea  as h m n e  o pone , ug  th  us  of r d
lak s, n w fad , o  b r l  o . Ye low pigmen s, suc as e tin y w an  g e-
i , w re ls  d ntifie , s l om mix w t azu t .  
T re ults re cribed  Tabl 3 a d c rr or w Hilliard rib in hi
trea ise. L ad white an r  ad we ind th  ls r o m nd d to f
t e c tion; i h c f  pale c mpl xi n th us of the red comp ent, tim
ixed w th a ll a t f t cot  (  t at h p r d s ul  b n tood
as l d tin y ll w [21,22]), s re uce , wh r r swarthy n , mas ico nd oc re
shoul  b  ad e [15]. Si i ar xtur s r a scribed by N rg te, ltho g he e
 me tion th  us of mas cote [ ]. Ad iti ly, ci fic a a ys s r ve e  th  p s ce
of v r lion, whi h wa i c ur  by H lli  nd Norga n th i a se but w s
ist ntly mploy d n t  f s t n s an lys d.  
Th volu f t  mouth s buil  up t r i g  t o t br w  li es p nt
at h  c r rs (Fi u 1); v ili n th n igm th  lip  ing h F nc
e d, wher s from h 1580 , p nk  r l a ar  ef rr d. Th s paration li e
b tw e  u per a  low r i c s sted of a r d lak . Thes  sult  confi m d hat w s
wri te by Hill ard  Norg , h ma als b u fo out wer lak , red
l ad, a d whit p gm t [1,15]. V m i w s i entif by sc ntif c n lyses as an
add tion  pigm t pr t
T  ey s w re i v sti t  i s v l e : th e h li es, t ey i f ld, a the
n e  c r . Th ey las n eli s ere ge lly race it bl k r  lu
br w pi m t, pr b f r anic rig nd p r ial y f d. A sec d, d rk li c v-
r  t fi st on and w mad of carbo b ck nd wha  l ks ike org ic b wn pig-
ments (F gur  2a); o  the l t tr i t e s co d li  p s b appl d nly 
yelash lin d n h  y id fold (Figure 2b . T nl xc p i is on E.1 78-1988,
w r  i st li s a tr c d w a d ma l. Th p e c of y a h i shown
only on th  p trai  f  u kn wn wom  P.8-1945), where d r  p inted t e
l er yela h l e (Figu e 2b .
Hilliard wr t that th  li e f t ci l f atur sh ul be n y fine p nci
(to b  unde to d a  a brush) wit a fai rose col ur m d  of  l k [ 5]; th s p bably
cor spon s to t e brow  lines of g c orig n se du ng analys s.  
Th eyes’ nner corn r, wh n visible, is painted with a red material, the composition 
of ich vari s for each miniatur .  
T ble 3. Miniatures by Nicholas Hilliard which have u dergone tech ical and scientific ex mina-
tion. Greyed-out c lls indicate that no an ly is was carri d out. 
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o j ts t a  e p i t d in F  (P 154-1910, P.155-1910) a po tr it of an unknown
(E.1177-1988) u i t s ic e. It  ar t ed by h gh worked and fully
elled fl sh , a ev  by ply  a y lay rs of p in . Th  alyses show d a
l hi a d ca b bl ck x s att ed w th r d i me t p rticl s, ypi ally hem -
tite n  v m i n. Th s al in a c da ce with he findin s n a p rtrait f H nri II,
c t y di ov r d  soc te  H l ar ’ w rk in France [20]. I he second group
f bj ts, c rr spon ng to h s sty is c chang uri g 1580s, the flesh t nes appear 
p l , t  p r c f  r  s h m in e  compone s, a hough the u e of red
l k s, no  fa , o  b r l  . Y low pig , su  as lead tin y l ow and goe-
t , r ls  i n f e , l ix  with azu te. 
r ul  e c ib in Tabl 3 a  co r o at  w Hilliard de cribed in hi
r i . L white an r  l a w r  inde th  l e r o me d to u e for
t  c tion; i c se of p le c mplexi n he us  of the ed comp nent, som tim
ix d w th all u t f cote ( e m h t th pe i d s oul b  und r tood
d tin ll w [21,22]), s re uce , w r r a s rthy n , ma tico and oc re
ould b add [15]. Si i a  ixtu s  a s  sc ibed by Norgat , altho gh h  doe
 me o th  us of ma co [ ]. Additi lly, cie t fic a a yses reveale  th p ese ce
 verm lion, i h wa i cour ed by H lli an  Norg e in th ir treat ses but was
s tl ploy n t e f sh n an lyse .  
Th vol  f h  m ut s built up st i g w th two rt br wn li es p nted
t co rs (Fi u 1); v ion the a n pi m nt d t  lips ing th  French
peri , h r s from th 1580 , p k lak a r d l ad a  pr f rr d. Th  p ration li e
w e u p r a  l r i  c sted f red ak . These r sults co firmed what w s
wri t  by Hil ar n Norg t , th a eri ls to be us for th mou h were lak , red
l d, and hit  p gm [1,15]. Ve mi i n w s i tifi by sc entif c n ys s as an
ddi on igm t p e . 
T  ey s w r invest gate  ev r l are : t ey sh li es, t  ey lid f ld, a d the 
e  r . T y l y li s er e rally race  with  bl ck r a dilu
br w pi m , r b bly or n c or g d p rti l y fa d. A second, dark r line cov-
r d th fi  on n as m f carbo l k nd wha lo ks like org ic b own pig-
m nts (F gure 2a); th r o r it t  co i e a p  t b ppl d nly  
yelash l n nd eyelid fold (Figu 2b . T e only xc p ion is on E.1178-1988,
w er fi st l es tr ced w h  ed m ter l. T pr se c of ye ash s is shown
o ly th  p tr i  f  u kn wn wom n (P.8-1945), wher d ts are inted n the
l ey a h l (Figu 2b .
H lliard wr t  that t e utli s f the faci l f tur  sh ul be d n by  fine p nci
(t  unde t d as a b sh) wit  a fain  ros lour made of  lake [15]; this pr b bly
corr sp n s  the brown lin of organic igi  seen during the analyses.  
Th  eyes’ inner corner, wh n visible, is painted with a red material, the composition 
of ic  vari s for each miniatur .  
Tab e 3. Min at res by Nicholas Hi liar  which have undergone technical and scientific examina-
tion. Greyed-out c lls indicate that no an lysis was carried out. 
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o j c s t at he p i t d  F e (P 154-1910, P.155-1910) d a portr it f an u known
(E.1177-1988) tu i in t s rticle. It c ar cte ed by hig ly work d and fully
ll d f s  t n , h eved by apply  many l y rs of paint. The nalyses showed a
l d w a carbo black ma rix scatt d red igment p rticles, typically hem -
tite n  vermili n. Thi is al  i  a c rd ce with the findi gs  a portrait f H n i III,
c t y di ov r d d so ated t  Hi r ’s work in France [20]. In the second group
f obj c c r spo d ng to his stylistic chang  uri g t  1580s, th  flesh tone  appear
p l , with a p f c for l d s he m in e  compon , a though the use of red
l k s, o f , can o b rule . Ye low pigm n , su h as lead tin yellow and goe-
i , r ls  i n f e , s l  ix d with azurit . 
Th r sul s d sc ib in Tabl 3 and corr o at  what H lliard described in his
r i . L ad whi d lead w r  n e d ri l  re o me d to use for
t ion; i c s  o p le c mplexion th  us  of the red co ponent, som tim
x w t  m ll m f m o  ( t m h t t i pe i d sh uld be u er tood
s e tin llo [21 22]), s r d c d, w rea  f r s rthy ne, ma tico e and ochr
oul b d [15]. Simila  mixtures e als  esc ibe  by Norgate, lthough h  does
n  m the u of mast co [1]. Additi nally, sci nt fic a alys  r v al d th  presence
v r l on, i co e by H lliar  an  Norga e in their treatises but was
c s t tly e pl y the fl s on an yse .  
T volum  f mou h w s bui t up st ing w th tw rt brown lines p inted
t h co r (F g r 1); v i ion is the a pigment ed f r t e lips during th  French
p ri , wh r as rom th 1580 , p nk lak a  d l ad a  p f rr d. The p ration line
b tw u p r a lo r l p con i ted of a ed ak . Thes results co firmed what was
wri t b H l ar n  Norg te, th ma erials to b us d for th  mouth were lake, red
l , a d a whit p gm [1,15]. Vermili n w s tifi  by c entific na ys s as an
add on l gm nt p e e t  
T e eyes w r invest gate  i ver l ar a : sh lines, th eyelid f ld, a d he
i e rn . Th  y s yel li e w r ge ral y traced with  black r a dilu ed
b w  p gme t, pr b f o g c gi d parti lly f ed. A se nd, darke  line cov
d th f t an as ma f carbo bl k and what lo ks lik organic brown pig-
m (F gu 2 ); th  l r p r its t  co d li a p a  t  be pplied only  
y lash lin  n t on ey lid fold (Figu 2b). The ly exception is on E.1178-1988,
e first l es e tr ced w th ed mat ri l. Th pr e c f ey lashes is shown
only on th  p rtr it f a  unk wn wom n (P.8-1945), wh r dots are ainted n the
l r eyela h l (Figur 2b).
H l ia wr t  th t t  outli s f t  faci l fe t sh uld be d awn by a fine pencil
(to  un e to d  b s ) w h a f nt r s lour made of a lake [15]; this probably 
cor spon s o br wn l nes of organ c origin s en during the analyses.  
Th eyes’ i ner corner, when vis ble, is painted with a red material, the composition 
of ic  vari s for each mi iature.  
Tabl  3. Mi ia ur s by Ni ol s Hill ard which have un ergone echnical a d scientific examina-














































 Lead white         
Vermilion         
Hematite        
Red lead         
Lead tin yellow I        
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je ts t  h  p i te i F a c (P.154-1910, P.155-1910) d a ortr  of  unknown
(E.1177-1988) u i d in t s r i e. I  char cte s by hi hly rk d and fully
m e  fl h t es, c ev d by a plyi  a y lay  of paint. T n lyses show d 
l d hi e a d c b  bl ck m ix scatt d w th igm t p r icles, typically hema-
tit n v rm lion. Thi is al o in a a ce w t  he find s on a portrai  of Henri III, 
rec tly di cov r nd a o a ed Hil ar ’s work in France [20]. I  the second group 
of j ts, c r sp ng t is stylistic h ng  durin  e 1580s, th fles  tones app ar
l ,  p f r c fo   l  s h  m  r  comp ne ts, alth gh he use of red
l k s, n w fa , c ot b rul d . Ye l w pigment , such as l ad tin y llow and go -
, w r  ls i ntifie , ld m xe wi z it .  
Th r s l  scribe in T bl  3 n  corr te w at Hillia d described in hi
t ati e. L w it  n  w r ind th  t rial h  r o mended o se fo
he c tion; h case p plex o t  u  of the red compon nt, som tim s
x w   m ll m t f m stico ( m t t t t is p ri d sho ld b understood
s l d tin llow [21,22]), w s r uce , wh rea  for a r hy , ma ticot an oc res 
houl  b add [15]. Si ilar m x ures a e a o d crib by Norga , although he does
ot m n o the u of as co e [ ]. Addi i nally, sc t f c a alyses revea ed the pres e
of v m ich a i cou g by Hil and Norg  in thei  treatis s but was
c n t n ly mpl y e fl  on a lys .
Th volum f e m ut w built up t r i g w th tw  s o t brow lin s paint
t e c rs (Fi u 1); v r ilion is the m n p gm t u ed for th  lips du i g th  French
rio , w r s fro th 1580 , p nk l and red l ad ar  pref rred. The sepa ation line 
b t n pp r n  l w r ip c si t  o a ake. T es results conf r d wh t w s
r t n y Hil an No g te, a th m er ls o be us  for the mouth were lake, r
l ,  h gmen [1,15]. V m li w s i enti by sc entif c a alyses as a  
i  pigm nt p e t.
T y s w r v st ga d i v ral a e : th ey lash i s, th ey d fo , and
rn . The las a d yel  es wer e rally traced with a black or a diluted
b w igm n , obably f ni  or gin nd partial y ad d. A sec nd, darker l n  c v-
r the fi t on d s m of carb  bl ck  what lo ks lik  organic brow  pig-
m nts (Figur 2a); o th  l er po raits e seco d line pears t b  a plied only on the 
y l sh a  eyeli  fo d (Fig re 2b). The o l xc tion is on E.1178-1988,
wher e irst i es t ac d w th teri l. Th r se c elashe is shown
o ly th p rtr it f an u k wn w m  (P.8-1945), where dots are painted on the 
lo  y l s li (F gu 2 ).
H lliard w ote that the ou lines f t e f cial f atures sh uld b draw   a fine pencil 
(t  b  un erst o    b ush) w h a fai t rose colour made of a lak  [15]; thi  probably 
correspon s to th brown lin s f orga ic rigi  een du ing analyses.  
Th  eyes’ ner corn r, when visible, is painted with a red material, the composition 
of ich varies for each miniature.  
T bl  3. Miniat r s by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white   
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Indigo
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obj cts that h p inte  n F an  (P.154-1910, P.155-1910) d a p rt i f an unk o
man (E.1177-1988) tudi d  this a ic e. It i  ra te by hi ly e a d ful y
modell d flesh ton , hi v by a plying ma y l ye  o pai t. Th  al es we
ead white a  carbon bl ck m tr x scatter  t r d pi m nt p ticl s, y c lly h m
ite and v rm ion. This is als i acc r a c i h t e f d gs o a r r it f H r  III
rec ntly iscov red a d s oci o Hil ia d’s w rk Fr nc [20]. I t econ g up
of objects, corr spon ng to his tylistic ch ng du ng t  1580s, th fl sh n pp
pale, with  prefe n f r r  lea as a co po , ough the u  f re
l kes, now f ded, can t b r le . Yell w pig e s, u  d tin y w nd go -
it , were l o i ntified, sel om zurit .
The re ults r  d c b  i T  3 d c rr b t  H l d b i
treatise. Lead whi  an  r l d w r  de ls r c n t u f
t e carnation; in the c s of pa e c mpl x h  of red comp n t, m i
mixed w h a s al am unt f ma ico (a t rm th t at p r uld b un s oo
as lead tin yell w [21,22]), was re uc , where f r a w h , mast co nd c re
should be add d [15]. Sim lar xt r s r al s rib d y N gat , t o g  e do s
not ment n he us of masticot [1]. Ad it on lly, ci n f c ys s v led  c
of v rmili n, i h w disc urag d by H lliard No g t in t i r is s bu
consist n ly employed in t  fl sh ton s a y d. 
The volum  of th  mouth s bu lt up st rt th t o ho t bro t
t th  corn rs (Figure 1); ve milion is t  m in pig n f r the lips du i g e F ch
perio , wh r as from h  1580s, pi k k d r d l ad ar pr f rr . Th  s pa tio li
betwe  u per a d low r ip co s d of a l k . Th  su  conf r wh was
wri ten by Hilliar a d N r ate, h at ials us fo t  mouth w r ke, d
lea , and a wh te n [1,15]. V ili  as i f b c n if c lys s
addi ional pigm t p es t.
T e ey s ere i vestig t i  s ver l areas: he e s li es, t e eli fol , h
nn  corn r. Th  eye as d yeli n s w ge al y ac d w t   l k r lu
br wn pigme , probably of ga ic origi d i lly fa d. A c n , da k li e c v-
ered th firs  on a d was ma e f carb b c d l ok  lik rg ic br pig-
ments (F gure 2a); on th la er portr i s, h c nd lin  pp b appl d nl
ey lash lin  a  no  n he y  fold (F gur  2b). Th  on y exc pti i .1178-1988,
where the first lin s a rac i r d mate i l. Th p s n f eye a h  h
only on th  p rtrait f an unk o woma (P.8-1945), wh r  d s  pai t  the
l w r eyel h l e (Figur  2b).
Hilliard wr t  that t e ou li e  of h faci l featur s s oul b d wn by  fine pencil
(to be unde stood as a brush) wit  a fain  rose colour mad of a l ke [1 ]; th s probably
corr sponds to t e brown lines of g nic origin seen dur ng t e analys s.  
Th  eyes’ inner corner, wh n visible, is p inted with a red mater al, t e composition 
of which varies for each miniature.  
Tabl  3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
tion. Greyed-out cells indicate that no analysis was carri d out. 













































 Lead w ite         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
obj c s th t p i t d i  Fran  (P.154-19 0, P.155-1910) d portr  f u k o
man (E.1177-1988) udie  thi icle. It i  a t by hig y w k d fully
mo ll d l sh ton , a hi ve by a plying many l ye s o pai t. T  n es h w
e d whit  c rbon b ck ma ix sca t red r d p gm nt tic s, ty cally h ma
it  an  v rmil on. Thi is also i  acc r c h the f di g  a p r r i  f H ri III, 
recently discov red an  sso ia  t Hil a d’s w rk F c [20]. I  con g up
of objects, corr pondi g to h tylistic ch ng  dur ng t  1580s, th fl s one pp a
pale, with  pr fer n  for re  l a s h a  on t , lthough us f r
lakes, no f ded, ca n t b r le u . Yell w pig e s, u h  d tin y n  g -
thit , w r lso ntifie , s l  azu t
The results r  d cr b  i T 3 rr b a  Hi i  s ib i  
treatis . Lead whit  an  r le d w  e ls h  c o f r
the c rnation; in the c s pale mpl x h  e of e r d compo t o me
mixed wi h a s all am unt f a co  (a rm h t t s p d o d b  un stoo  
as ead ti  yellow [21,22]), s re uc , wh reas f r a sw rth , nd c res
shoul  be add [15]. S m la ix s r a d s ribed by N gate, th g  oes
n  men n he us f mas icot [1]. Ad it onally, ci f c n lys s r v d t  r s nc
of v rmil ich w s disc ur g d by H liard N g t t i tr is s bu
co sist n ly e ployed in h  f sh ton  a yse .
Th  volum of t  mouth w s bu l up st r g th t o sh t bro  p t
the corn rs (Figur 1); ve li n is the m i pig n  s fo th  li s d ring th  Fr ch 
perio , here s fro he 1580 , pi k l k d r d l ad ar p fer . Th  p r tio  lin  
between upp r nd low  ip co s d of  d k . Th  su  c f rmed h w s
wr tten by Hilli rd a d N rga e, h a  be us fo t u w r k , d
lea , a d a wh te n [1,15]. V ili s i f  by sci if c ys s s
addi ion l igm nt pr s t. 
T  yes were i v stig t d i  s ver  s:  elas li s, h lid f l ,  th
nn  co r. The eye ash a d eye i s we r lly ac d th a bl k r a lut
brown igmen , p obably of g nic orig  ially fa . A c n , d k li c v-
red th fi s one a d w made f carb b c d w t l ks like org ic br w pig-
m nts (F gur 2 );  t t por rait , h s c n lin  pp r  b  ppl nl on
ey l sh lin  a  no n he y li  fo d (F g r  2b). The n y xc pti is .1178-1988,
w re he first lines rac ith e mate i l. Th p n s sh
only o th  port ait f an unkno w m (P.8-1945), wher  d t r  in the
lower eyel sh l n (F gur 2b).
Hilliard wr te that t e u l nes of th acial featur s s o l b w  by a fi  pen il
(to b  understo a  a br sh) with a faint rose colour m de of a lake [1 ]; t is p obably 
corr spon s to t e brown lines of g c origin see during t e analy es.  
The eyes’ inner corn r, when visible, is p inted with a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Miniatures by Nicholas Hilliard which have undergone tech ical and scientific examin -
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o j cts th t he p i t  n F an ( . 4- , P.155-19 0) d a rt  f  unk w
m n (E.1177-1988) i d  thi icl . It i  r r by h hly and ful y
mo ll d l sh to e , hi v d by plying m y laye  o p nt. T  lyse sh w
l d hi a d c bo b ck m ix sc t r  w  pig t r ic , ty lly h ma-
tit  a v rm l on. Th s is also in a c r c w h the f dings a r rai  f H nri III,
rec tly s ov r  an  s o ia t Hil a d’ work Fr c [20]. In t e secon g up
f obj cts, correspon i g o hi tylistic hang ur  t  1580s, th fl sh es pp ar
pal , ith  p f n f r re  l d s t , lth ugh us f r d
l k s, o f d d, ca n t b ru ed . Y l w pig en , u  d tin y low and go -
, w r so i ntified, ld zu ite.
Th  re ults r  d c b i T  3  rr b a  H li d scr bed in
tr atis . L a w i n  r  l d w r  n e ls h me f
r ation; i he c s p mp x t  f he c mpo t s me m
x d wit a sm l am u t of c (  m h t i p d s ld b und rs oo
as e d ti  ll w [21,22]), w s r uc , wh reas f r w , ma t co n chr s
should be dd [15]. S ila x s a a s es rib d y N at , t oug o
n  men n the us f masticot  [1]. Ad i ion lly, sci n ific s v ed  r e
of v rmil ich w discou ge by H i Norg  i t i r at s but s
c nsist n ly e ploy d in h  f sh ton y e .
Th  volume of th m u h w bu lt up st r w h t s o t brow p t
he corn rs (Figure 1); ve lio  t e m in pig nt se  fo th lip duri g h Fr ch
p r o , wh r s fro he 580 , p k l k d d l d ar p f rr . T  p tion lin
b tw n u p r nd low  ip co s t d of k . Th sults confi d w w s
wr ten by Hill rd nd No t , as th  a r   us fo  th outh w r  l ke, r
l a , and a wh te p gment [1,15]. V i  s i e t b c e if c ys s s
add ion l igm nt p t.  
The y r  i vestig t d i  s vera a : e as li s, he f l , a d 
nn r co ner. The eye as d y i s w ral y ac d w th  lack r a ilu e
br wn m n , p b bly of g c orig nd ially fa d. A s n , da k li  c v-
r t fir t one d w s made of carb b c d h t lo k  lik rg ic bro  pig-
me s (Figu e 2 );  t r por rait h  con lin  p r t b ppl onl o e
yel sh n a n on yeli  fold (F g r 2b). Th  n xc pti i .1178- 988,
where  f rst nes ar trac th e m te ial. Th p s  ye ash is h wn
only o th po t ai  f an unk o  w m (P.8-1945), wh r d ts a  int d o  he
low r eyelash l (F gur 2b .
H lli r  wr te that t e ou l nes of the facial featur s s o l be draw  b a fine p nc l 
(to be under too s  b sh) with a faint r s colour ad of a lake [15]; this p bably
cor spon s to t  brown l nes of organic origi  een dur ng t e analys s.  
Th eyes’ i ner corner, when vis ble, is p inted wi  a red aterial, the composition 
of which vari s for each miniature.  
Tabl  3. Miniature by Ni ol s Hilliard which have u dergone echnical a d sc entific ex mina-














































 L ad white     
V rmi ion     
Hematite        
Red lead         
Lead tin yellow I        
Pink dye
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j ts th e i  i Fr (P. 4-19 0, P.155-1910) d a portrai of n unknown
m n (E. 177-1988) ie  in this articl . It i  hara t ris by hi ly work d an  ully
m lled f s o e , v  b  plyi any l yers f p in . T analyses showed a
w i nd ca b n bl ck at x sc tte d with r d pigm t p r icl s, typically hem -
ite n ver . Th al i rda ce w th t e findings on a portrait of H nri III,
r c y i v re  o i ted to Hil iard’  w rk in Franc [20]. In the s cond group
f bj cts, cor spon i g is yli c c a g uring h 1580s, the flesh tones appear
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Hilliard wrot  that t e ou li es f the faci l features should be d awn by a fine pencil
(to be unde stood as a brush) with a faint rose colour ade of  lake [15]; this probably 
corr spon s to the brow lines of organic origin seen during the analyses.  
Th  eyes’ inner corner, when visible, is painted with a red material, the composition 
of ich varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white     
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Organic brown
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corr sponds to t e brown lines of orga c origin seen during the analyses.  
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 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        3.2.1. Oliver’s Outliers
A few miniatures may be considered outliers, as the materials and techniques do not
entirely fit with what was normally used by Oliver.
The V&A portrait of Robert Devereux (E.1177-1988) was heavily retouched during the
19th century, but the areas analysed in the flesh tones and the mouth, considered original
following examination under UV, unusually do not contain red lead. It should be noted
that many versions of this sitter’s portrait exist (i.e., NPG 4966 at the National Portrait
Gallery, London; RCIN 420933 at the Royal Collection; and B1974.2.75 at the Yale Center
for British Art). Other versions of the portraits of Sir Ludovic Stuart and Prince Henry are
also extant [13]. The mechanisms behind the production of further versions are not clear,
but it would appear that Oliver may have retained a workshop ’pattern’ for some sitters
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(e.g., the YCBA version of Deveraux). A technical study of other versions of the Robert
Devereux portrait would likely yield useful comparative data and add relevant pieces of
information about the collaboration between Oliver and his workshop.
The miniature of an Unknown Man (P.11-1929) showed a mixture of red lead and
vermilion typically employed by Oliver on the flesh tones before 1610, thus in agreement
with the dating of the object around 1590. However, the mouth contained only vermilion,
while no red lead was identified. Moreover, the inner corner of the eyes and the eyelid
lines were obtained with a mixture of hematite and vermilion, which was never observed
on the other Oliver miniatures. The structure of the eyes and mouth also seems different
from the other objects, as well as the heavily marked shading (Figure 6).
The miniatures of the two little sisters, Young girl, aged 4, holding an apple (P.145-1910)
and Young girl, aged 5, holding a carnation (P.146-1910), look similar at first sight; however,
they display differences between them as well as to the pigment selection otherwise seen
in Oliver’s miniatures (Table 5). For instance, flesh tones and mouths differ from Oliver’s
technique: on P.145-1910, vermilion was the predominant pigment, whereas on P.146-1910,
the flesh tones contained mostly red lead without vermilion. The latter case would fit the
current evidence if the object was painted after 1610, following Oliver’s general pigment
preference; however, the inscription within the miniatures (considered to be original) states
1590 as the year of the sitting. The structure of the eyes appeared similar on both objects
(Figure 7a), although the materials used in each miniature were different and did not fully
match the evidence from other Oliver works. Interestingly, on P.146-1910 some dots on the
lower lid indicated the presence of eyelashes, in a similar way to what was found in one of
Hilliard’s miniatures (Figure 7b). These two objects represent the only portraits of young
girls analysed so far, which might perhaps account for the differences found. There is no
doubt at all amongst scholars that both girls were painted by Oliver [8,17,23].
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Figure 7. Photomicrographs showing the proper left eyes of the two little girls portrayed by Isaac Oliver. (a) P.145-1910, 
(b) P.146-1910. In the latter image, the structure of the eye appears different and eyelashes are clearly present on the lower 
eyelash line. 
3.2.2. Miniatures with Uncertain Attribution  
Two of the miniatures we investigated, portraying Sir Philip Sidney (630-1882) and an 
Unknown Man (FM 3882), have, or had in the past, a tentative attribution to Oliver. 
Oliver’s monogram on the miniature of Sir Philip Sidney (630-1882) suggested an 
attribution to this artist. However, stylistic evaluations raised doubts [24]. Scientific ex-
amination identified the predominant presence of vermilion in the flesh tones and mouth, 
not matching Oliver’s technique as revealed by the analyses reported thus far, which 
showed red lead as his preferred pigment. This evidence offers additional support to the 
statement that the miniature is ‘after Isaac Oliver’, as reported in the V&A records and in 
accordance to a previous study [11]. Although a prevalence of vermilion can be found on 
Hilliard’s objects, the investigation of the inner corner of the eye and the eyelash line raises 
doubts about the alternative attribution to Hilliard, too. Therefore, we confirm the exclu-
sion of Oliver as the artist and possibly of Hilliard as well. One of their followers may 
have painted this object but the question of whom remains open, as no technical studies 
on any of these other artists have been published.  
The second object with a potentially uncertain attribution to Oliver [17] is the portrait 
of a bearded Unknown Man (FM 3882). The object shows different materials and tech-
niques in comparison with the other miniatures by Oliver in every paint passage studied. 
For instance, vermilion was the only red pigment used for the flesh tones, the mouth and 
the inner corner of the eyes, instead of the red lead preferred by Oliver. The structure of 
the mouth is also different: the lips are not separated by a line, the black corners are not 
present, and red hatching is visible instead of smooth brushstrokes (Figure 8). The tech-
nical evidence supports the suggestion that this miniature was not painted by Oliver, alt-
hough it should be noted that this is the only portrait of an old man analysed, and the only 
one of a sitter with a darker complexion. A comparison with the results on Hilliard also 
allows the exclusion of this artist as an alternative attribution. Due to a lack of published 
data on other artists of that time, the identification of the highly skilled artist of this min-
iature remains impossible based on technical data alone.  
Figure 7. Photomicrographs showing the proper left eyes of the two little girls portrayed by Isaac Oliver. (a) P.145-1910, (b) P.146-
1910. In the latter image, the structure of the eye appears different and eyelashes are clearly present on the lower eyelash line.
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Table 5. Results on miniatures P.145-1910 and P.146-1910 showing similarities and differences on the various areas analysed.
P.145-1910
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3.2.2. Miniatures with Uncertain Attribution
Two of the miniatures we investigated, portraying Sir Philip Sidney (630-1882) and an
Unknown Man (FM 3882), have, or had in the past, a tentative attribution to Oliver.
Oliver’s monogram on the miniature of Sir Philip Sidney (630-1882) suggested an
attribution to this artist. However, stylistic evaluations raised doubts [24]. Scientific
examination identified the predominant presence of vermilion in the flesh tones and
mouth, not matching Oliver’s technique as revealed by the analyses reported thus far,
which showed red lead as his preferred pigment. This evidence offers additional support to
the statement that the miniature is ‘after Isaac Oliver’, as reported in the V&A records and
in c rdance t a previous study [11]. Although a prevalence of vermilion can be found
on Hilliard’s objects, the investigation of the inner corner of the eye and the eyelash line
raises doubts about the alternative attribution to Hilliard, too. Therefore, we confirm the
exclusion of Oliver as the artist and possibly of Hilliard as well. One of their followers may
have painted this object but the question of whom remains open, as no technical studies on
any of these other artists have been published.
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The second object with a potentially uncertain attribution to Oliver [17] is the portrait
of a bearded Unknown Man (FM 3882). The object shows different materials and tech-
niques in comparison with the other miniatures by Oliver in every paint passage studied.
For instance, vermilion was the only red pigment used for the flesh tones, the mouth and
the inner corner of the eyes, instead of the red lead preferred by Oliver. The structure of
the mouth is also different: the lips are not separated by a line, the black corners are not
present, and red hatching is visible instead of smooth brushstrokes (Figure 8). The technical
evidence supports the suggestion that this miniature was not painted by Oliver, although
it should be noted that this is the only portrait of an old man analysed, and the only one of
a sitter with a darker complexion. A comparison with the results on Hilliard also allows
the exclusion of this artist as an alternative attribution. Due to a lack of published data
on other artists of that time, the identification of the highly skilled artist of this miniature
remains impossible based on technical data alone.





Figure 8. Images of FM 3882 showing details of (a) the mouth and (b) the proper right eye. 
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Preliminary results from other paint passages beyond those discussed above are re-
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the portrait of an Unknown Woman (P.43-1941), where a mixture of red lead and hematite
was identified.
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Table 6. Yellow and orange preparation under the gilding and green areas analysed on selected
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man (E.1177-1988) studied in this article. It is characterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a 
lead white and carbon black matrix scattered with red pigment particles, typically hema-
tite and vermilion. This is also in accordance with the findings on a portrait of Henri III, 
recently discovered and associated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to his stylistic change during the 1580s, the flesh tones appear 
pale, with a preference for red lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thite, were also identified, seldom mixed with azurite.  
The results are described in Table 3 and corroborate what Hilliard described in his 
treatise. Lead white and red lead were indeed the materials he recommended to use for 
the carnation; in the case of a pale complexion the use of the red component, sometimes 
mixed with a small amount of masticote (a term that at this period should be understood 
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres 
should be added [15]. Similar mixtures are also described by Norgate, although he does 
not mention the use of masticote [1]. Additionally, scientific analyses revealed the presence 
of vermilion, which was discouraged by Hilliard and Norgate in their treatises but was 
consistently employed in the flesh tones analysed.   
The volume of the mouth was built up starting with two short brown lines painted 
at the corners (Figure 1); vermilion is the main pigment used for the lips during the French 
period, whereas from the 1580s, pink lakes and red lead are preferred. The separation line 
between upper and lower lip consisted of a red lake. These results confirmed what was 
written by Hilliard and Norgate, as the materials to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigment present.  
The eyes were investigated in several areas: the eyelash lines, the eyelid fold, and the 
inner corner. The eyelash and eyelid lines were generally traced with a black or a diluted 
brown pigment, probably of organic origin and partially faded. A second, darker line cov-
ered the first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the later portraits, the second line appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only exception is on E.1178-1988, 
where the first lines are traced with a red material. The presence of eyelashes is shown 
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lower eyelash line (Figure 2b). 
Hilliard wrote that the outlines of the facial features should be drawn by a fine pencil 
(to be understood as a brush) with a faint rose colour made of a lake [15]; this probably 
corresponds to the brown lines of organic origin seen during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
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objects that he pa nted in Fr nce (P.154-1910, P.155-1910) and a portrait of an nknown 
man (E.1177-1988) studied in this article. It is characterised by highl  worked and fully 
modelle  flesh tones, achieved by applying many layers of pa nt. The an yses showed a 
lead white and carbon black mat ix s attered with red pigment particles, typically hema-
tite and milion. This s also in acco ance with the findings on a portrait of Henri III, 
recently disc vered and as ocia ed to Hilliard’s work in France [20]. In th  second group 
of objects, corresp nding to his stylistic change duri g the 1580s, t e flesh tones appear 
pale, with a preference for red lead as the main red components, although the us  of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
t ite, were lso identified, seldom mixed with azurite.  
The results are described in Table 3 and corroborat what Hilliard described in his 
tre tise. Lead white and red lead were indeed the mate ials he recommended to use for 
the carnation; in the case of a pal  complexion the use of the red compo ent, s metimes 
mixed with a small amount of masticote (  term that at this p riod sh uld be und rstood 
as l  tin yellow [21,22]), was reduced, wh reas for a swarthy one, masticote and ochres 
should b added [15]. Similar mixtures are also described by Norgate, although he does 
not mention t e use of masticote [1]. Add tion lly, scientific analyses revealed the presence 
of vermilion, which was disc uraged by Hilliard and Norgate in their treatises but was 
consistently employed in the flesh tone  nalysed.   
The volume of the m uth was built up starting with two short brown lin s painted 
at the corne s (Figure 1); vermilion i  the main pigment used for the lips during the French 
period, whereas from the 1580s, pink lak s and red lead are preferred. The separation line 
between upper and lower lip consisted of a red lak . These results confirmed what was 
written by Hilliard and Norgat , as the m terials o be used for he mouth were l ke, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigment present.  
The eyes were investigated i  ev al areas: the eyelash lines, the eyelid fold, and the 
inner corner. The e elash d eyelid li es were generally traced with a black or a diluted 
brown pigme t, probably of organic origin  partia ly faded. A second, darker line cov-
ered th first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the ater portraits, the second line appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). Th  o ly exception is on E.1178-1988, 
wher the first lines are traced ith  red material. T e presence of eyelashes is shown 
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lowe  eyelash line (Figure 2b). 
Hilliard wrote that the outlines of the facial features should be drawn by a fine pencil 
(t  be understo d as a brush) with a faint rose colour made of a lake [15]; this probably 
corresponds to the b o n lines of organic origin seen during the analyses.  
Th  eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have ndergone technical and scientific examina-
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objec s that he pa ted i  France (P.154-19 0, P.155-1910) and a portr it of a  unknown 
man (E.1177-1988) studied in this rtic e. It is haracterised by highly orked and fully 
modelled flesh tones, achieved by applying many laye s of paint. The analyses showed a 
lead white nd carbon bl ck matrix scattered w th red pigment particl s, typically hema-
tite an  vermilion. Thi  is also in accordance with the findi gs on a portrait of Henri III, 
rec ntly discovered and sso iated to Hilliard’s work in France [20]. In the second group 
of objects, cor esponding to h  stylistic hange during t e 1580s, the flesh tones appear 
pal , with a preferenc  for red lead as the main red components, although the use of red 
lakes, now faded, cannot b ruled out. Yellow pigments, such as lead tin yellow and goe-
thi , were also identified, seldom mixed with azurite.  
Th  results are scribed in Tabl 3 nd c roborate what Hilliard d scribed in his 
treatise. Lead white and red ad wer indeed th  materials h  reco mended to use for 
the carn tion; in the case f a pale complexion th  use of the red component, sometimes 
mixed with a s ll amount of masticote (a term at at th s peri d should b  understood 
as lead tin yellow [21,22]), w s reduced, wh reas for a swarthy ne, masticote and ochres 
shoul  b  added [15]. Si ilar mixtures are also d scribed by Norgate, although he does 
o  mention the use of masticote [1]. A ditionally, scie tific analys s revealed th  pr sence 
of vermilion, which was di courag  by Hilliard and Norgate n their treatises but was 
co sist ntly employed in the flesh tones analysed.   
The volume of the mouth was buil  up tart ng ith two sh rt brow  lines painted 
at th  c rners (Figur  1); vermilion is the main pigm nt used for the lips during the French 
riod, wher as from the 1580s, pink s and red lead ar  preferred. The separation line 
between upper and lower lip consisted of a r lake. These results confirmed hat was 
written by Hilliard and Norga e, as th  mater als to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigm nt pre nt.  
The eyes were investigated in sever l areas: the eyelash lines, the eyelid fold, and the 
in er c rn r. The eyelash and eyelid lines were gene lly traced with a black or a iluted 
br wn pigment, probably of rganic origin nd partial y faded. A sec nd, darker line cov-
ered the first on  and w s made of carbo black nd what looks like organic brown pig-
ments (Figure 2a); on the late  po trait , t e second lin  appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The onl  excepti  is on E.1178-1988, 
w re the irst li es r  traced with a red material. Th  pr sence of eyela hes is shown 
o ly on the portrait of a  unknown woman (P.8-1945), where dots are painted on the 
lo er yel sh l ne (Figure 2b).
Hilliard wrote that the ou lines of the acial features should be drawn y a fine pencil 
(to b  understood as a brus ) with a fai t rose colour made of a lake [15]; this probably 
corresponds to the brown lines of organic origin see  du ing analyses.  
Th eyes’ ner corner, when visible, is painted with a red material, the composition 
of which vari s for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone tech ical and scientific examina-














































 Lead white         
Vermilion       
Hematite        
Red lead       
Lead tin yellow I       
Lead tin yellow I + As
sulfide and red lead
Heritage 2021, 4 FOR PEER REVIEW  2 
 
 
objects that he painted in France (P.154-1910, P.155-1910) and a portrait of an unknown 
man (E.1177-1988) studied in this article. It is characterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a 
lead white and carbon black matrix scattered with red pigment particles, typically hema-
tite and vermilion. This is also in accordance with the findings on a portrait of Henri III, 
recently discovered and associated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to his stylistic change during the 1580s, the flesh tones appear 
pale, with a preference for red lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thite, were also identified, seldom mixed with azurite.  
The results are described in Table 3 and corroborate what Hilliard described in his 
treatise. Lead white and red lead were indeed the materials he recommended to use for 
the carnation; in the case of a pale complexion the use of the red component, sometimes 
mixed with a small amount of masticote (a term that at this period should be understood 
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres 
should be added [15]. Similar mixtures are also described by Norgate, although he does 
not mention the use of masticote [1]. Additionally, scientific analyses revealed the presence 
of vermilion, which was discouraged by Hilliard and Norgate in their treatises but was 
consistently employed in the flesh tones analysed.   
The volume of the mouth was built up starting with two short brown lines painted 
at the corners (Figure 1); vermilion is the main pigment used for the lips during the French 
period, whereas from the 1580s, pink lakes and red lead are preferred. The separation line 
between upper and lower lip consisted of a red lake. These results confirmed what was 
written by Hilliard and Norgate, as the materials to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigment present.  
The eyes were investigated in several areas: the eyelash lines, the eyelid fold, and the 
inner corner. The eyelash and eyelid lines were generally traced with a black or a diluted 
brown pigment, probably of organic origin and partially faded. A second, darker line cov-
ered the first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the later portraits, the second line appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only exception is on E.1178-1988, 
where the first lines are traced with a red material. The presence of eyelashes is shown 
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lower eyelash line (Figure 2b). 
Hilliard wrote that the outlines of the facial features should be drawn by a fine pencil 
(to be understood as a brush) with a faint rose colour made of a lake [15]; this probably 
corresponds to the brown lines of organic origin seen during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
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objects that he painted in Franc  (P.154-1910, P.155-1910) and a ortrait of  unknown 
man (E.1177-1988) studied in this article. It is characteris  by highly worked and fully 
modelled flesh tones, achieved by applying m y layers of paint. The an lyses showed a 
lead white and carbon black matrix scattered with red pigment particles, typically hema-
tite and vermilion. This is also in accordance with the findings on a portrait of Henri III, 
recently discovered and associated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to his stylistic change durin  the 1580s, the flesh tones appear 
pale, with a preference for red lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thite, w re also identified, seldom mixed with azurite.  
T  results are described in Table 3 and corr borate what Hilliard described in his 
treatise. L ad w ite and red lead were indeed th  aterials he recommended to use fo  
the carnation; i  the case of a pale complexion t e use of the red component, som times 
mixed with a small amount of masticote (a term that at this period should be understood 
as lead tin yellow [21,22]), was reduced, whereas for a war hy o e, ma ticot  an  ochres 
should be added [15]. Similar mixtures are also desc ibed by Norgate, although he does 
not mention the us  of masticote [1]. Additionally, scientific analyses revealed the presence 
of vermilion, which was discouraged by Hilliard and Norgate in their treatises but was 
consistently employed in the flesh tones analysed.   
The volume of the mouth was built up starti g with two sho t brown lin s painted 
at the corn rs (Figure 1); vermilion is the main pigm nt used for the lips during the French 
period, wh reas from the 1580s, pink lakes and red lead are preferred. The separation line 
between upper nd lower lip consisted of a red lake. These results confirmed wh t was 
written by Hilliard and No gate, as the materials to be used for the mouth were lake, red 
lead, and a whit  pigment [1,15]. Vermilion w s identifi d by scientific analyses as an 
additional pigm nt pr sent.  
The eyes wer  investigated in several a eas: the eyelash lines, the ey lid fol , and the 
inner corner. The eyelash and eyelid lines were generally traced with a black or a diluted 
brown pigment, p ob bly of org nic origin and partially fad d. A second, darker line cov-
ered the fir t one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on th  later portraits, e second line ppears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only exception is on E.1178-1988, 
where the first lines ar  traced with a red material. The presence of eyelashes is shown 
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lower eyelash line (Figure 2b). 
Hilliard wrote that the outlines of the f cial features should be draw  b  a fine pencil 
(to be understood as a b ush) with a faint rose colour made of a lake [15]; this probably 
corresponds to the brown lines of organic origin seen during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each miniature. 
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
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objec s that he pa ted i  France (P.154-19 0, P.155-1910) and a portr it of a  unknown 
m n (E.1177-1988) studied in this article. It is haracterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a 
l ad white nd carbo bl ck m trix scattered with red pigment particles, typi ally hema-
tite and vermilion. Thi  is also in accordance with the findi gs on a portrait f Henri III, 
rec ntly discovered and ssociate  to Hilliard’s work in France [20]. In the second group 
of objects, corr sponding to h  stylistic change duri g the 1580s, the flesh t nes appear 
pal , ith a preferenc  for re  lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, suc  as lead tin y llow and goe-
hit , were lso identified, seldom mix d with azurite.  
The results are d cribed in Table 3 and c roborate what Hilliard d scribed in hi  
treatise. Lead white and red lead were indeed th  m terials he recommended to u e for 
the c rnation; in the case of a pale complexion the use of the red component, sometim  
mixed with a s all amount of asticote (a term hat at th s peri d should b  understood 
as lead tin yellow [21,22]), was reduce , whereas for a swarthy one, masticote and ochres 
shoul  b  added [15]. Si ilar mixtures are also scribed by Norgate, although he doe  
n  mention the use of masticote [1]. Additionally, scientific analys s revealed th  pr sence 
of vermilion, which was discour ged by Hilli d and Norgate n their treatises but was 
co sist ntly employ d in the flesh tones analysed.   
The volume of the mouth was buil  up start ng ith two sh rt brown lines painted 
at he corners (Figur  1); vermilio i  the main pigm nt us d for the lips during the French 
period, whereas from the 1580s, pink lakes and red lead ar  preferred. The separation line 
betwee  upper and low r lip consisted of a red lake. These results confirmed hat w s 
written by Hilliard and Norga e, as th  materials to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigm nt pre ent.  
The eyes were investigated i  sever l areas: the eyelash lines, the eyelid fold, and the 
inner corn r. Th  eyelash and eyelid lines were ge e lly traced with a black or a iluted 
brown pi ment, pr bably of organic origin nd partially fad d. A second, darker line cov-
r d t e first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the late  portrait , the second lin  app ars to be applied only on the 
eyelash lin  and not n the eyelid fold (Figure 2b). The only xcepti  is on E.1178-1988, 
w re the first lines r  traced with a red material. Th  pr sence of eyela hes is shown 
o ly on the po trai  of a  unknown wom n (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b . 
Hilliard wrote that the outlines of the acial features should be drawn by a fine pencil 
(to b  under tood as a brus ) with a faint rose colour made of a lake [15]; this pr bably 
corresponds to the brown lines of organic origin see  during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which vari s for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone tech ical and scientific examina-
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objec s that he p t d i  Fr nce ( . 4- , P.155-1910) nd a portr it of a  unknown 
man (E.1177-1988) studied in this a ticle. It  haract rised by highly worked and fully 
modell d flesh tones, achieved by pplying many layers of p int. The analyses showed a 
lea  whit  nd carbon bl ck matrix scattered with red pigment articl s, typically hema-
tite a d vermilio . Thi  i  also in a cordance with the findi gs on a portrait of Henri III, 
recently discovered and ssoci te  to Hilliar ’s work in Franc [20]. In the second group 
f objects, corresponding o h  stylistic chang during the 1580s, the flesh tones appear 
pal , with a p ef renc  for red le  as the ain r d comp nents, although the use of red 
l k s, now faded, ann t be ru ed out. Y llow pigments, such as lead tin y llow and goe-
thit , were also identified, seldom mix  with azu ite.  
Th  r ults are d scrib d i  Table 3 and c roborat what Hilliard d scribed in his 
treatise. Le d white and red lead wer indeed th  mat ials he recommended to use for 
the carnation; in the case of a pale complexion the use f the r d component, sometimes 
mixed with a s all amount of masticote (  term hat at t s peri d should b  und rstood 
as lead tin yell  [21,22]), was r duced, wher as or a swarthy one, masticot and ochres 
shoul  b  added [15]. Si ilar mixtures re also d scribed by N r ate, altho gh he does 
no  mention th  us of masticote [1]. Additionally, scientific analys s rev aled th  pr sence 
of vermilion, which was discourage  by Hilliard and Norgat  n their reatises but was 
sist ntly employ d in the flesh tones analysed.   
The volu e of the mou h was buil  up start ng i h two sh rt brown li es painted 
at th  corners (Figur  1); vermilio is the main pigm nt used fo  the lips uring the French 
p riod, where s from the 1580 , pink lak s and red l ad ar  pref rred. Th  separation line 
between upper and lower lip consisted of a r d lak . These r sults confirmed hat was 
written by Hilliard and Norga e, as th  materials to be used for the mouth were lake, red 
lead, and a whit  pigment [1,15]. Ve milion was identified by scientific analyses as an 
additional pigm nt present.  
The ey  wer  investigated in sever l areas: the eyelash lines, the ey lid fold, and the 
inne  cor r. The eyelash a d ey lid li s were gene lly traced with a black or a iluted 
brown pigment, probably f organic origin nd partially faded. A s cond, darker line cov-
ered the first one and was made of carbon bl ck and what looks like organic brown pig-
ments (Figur  2 ); on the late  portrait , th  second lin  app ars to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only excepti  is on E.1178-1988, 
w re the first lines r  trac  with a red material. Th  pr sence of eyela hes is shown 
o ly on the portrait f a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilliard wr te that the outlines f the acial featur s should be drawn by a fine pencil 
(to b  understood as a brus ) with a faint rose colour made of  lake [15]; this probably 
corresponds to th  brown lines of organic origi  see  during the analyses.  
The eyes’ inner corner, when visible, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Miniature by Nicholas Hilliard which have undergone tech ical and sc entific examina-
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obj c s that e p t d i  Fra ce ( . 4- , P.155-1910) d a portr it of  unknown 
man (E.1177-1988) studied in this article. It haracterised by highl  worked and fully 
odell d flesh tones, achieved by pplying many layers of p int. The alyses showed a 
lead white nd carbon bl ck m trix scatter d with red pigment articles, typically hema-
tite a d vermili n. Thi  i  also in accorda ce with the findi gs o  a portrait of Henri III, 
rec tly dis v red an  sociate  to Hilliard’s work in Franc [20]. In the second group 
f obje ts, c rrespon ing o h  stylistic chang during t e 1580s, th flesh tones appear 
pal , with a p f renc  for red l d as th ain r d comp n nts, although the use of red 
l k s, now faded, ca n t b ru e  ou . Y llow pigments, such as lead tin yellow and goe-
thi , w re also identified, seldom mixed with azurite.  
T  r ults re d scribed i  Tabl  3 and c roborat what H lliard d scribed in his 
tr atise. Lead whit  and r d lead wer ndeed th  at rials he recommended to use for 
 rnation; in the cas  of a pale complexion the use f the r d co p nent, sometimes 
mixed with a s all amount of m tico e (  t m hat at t s peri d s ul  b  understood 
as l ad tin yello  [21,22]), was r duced, where s for  swarthy one, masticot and ochres 
shoul  b  dded [15]. Si ilar mixtures a e als  d scribed by N r ate, although he does 
no  mention the us of masticote [1]. Additionally, scientific analys  rev aled th  pr sence 
of v rmil on, which was discour ge  by Hilliard and Norgat  n their reatises but was 
co sist ntly employed in t e flesh tones analysed.   
The volume of the mou h was buil  up start ng i h two h rt br wn lines painted 
at th  corners (Figur  1); v rmilio is the main pigm nt sed o  the lips during the French 
p riod, whereas from the 1580 , pink lak s and ed l ad ar  pref rred. The s paration line 
between u per and lower lip c sisted of a r d lake. Thes  results confirmed hat was 
writt by Hilliard and Norg e, as th  materials to be used for th  mouth were lake, red 
lead, and a white pigm nt [1,15]. Vermilion was identifi d by cientific analyses as an 
additional pigm nt present.  
The ey  wer  investigated i  sever l are : ash lines, the eyelid fold, and the 
inner corn r. The ey lash a d ey lid li s re gene l y traced with a black or a iluted 
brown pigm nt, probably of organ c origi  nd p rtially faded. A s nd, darker line cov-
ere the first on  and was made of carbon bl ck and what looks like organic brown pig-
men s (Figu e 2a); on the l te  portrait , th  second line appears to be applied only on the 
eyelash lin  t n the yelid fold (Figure 2b). The ly excepti  is on E.1178-1988, 
w r  the fi st l nes re trac  with a red material. Th  pr ence f eyela hes is shown 
o ly on the portrait f a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilliard wr te that the outlines of the acial featur s should be drawn by a fine pencil 
(to b  unde stood s  brus ) with a faint r se colour made of a lake [15]; this probably 
cor esponds to th  brown l nes of organ c origi  see  during the analyses.  
Th eyes’ i ner corner, when vis ble, is painted wi h a red material, the composition 
of which vari s for each miniature.  
Tabl  3. Miniature by Ni ol s Hilliard which have undergone ech ical a d sc entific examina-














































 Lead white         
Vermilion       
Hematite       
Red lead       
Lead tin yellow I       
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obj cts that he pai ted in Fr nce (P.154-1910, P.155-1910) a d a portrait of an unknown 
n (E.1177-1988) studied in his article. It is char cterised by highly worked and fully 
modelled flesh ton s, chieved by applying many lay rs of paint. The nalyses showed a 
le d whi e and carbon black trix sca ter d with red pigment particles, typically hema-
tite nd v rmilion. This s als  in acco da ce with th  findi gs o  a portrait of Henri III, 
rec t y dis ov red and associated to Hilliard’ w rk in France [20]. In the second group 
of objects, corresponding to his stylistic change duri g t  1580s, th  flesh tones appear 
p l , with a p ference f r red l ad as e main red compon nts, although the use of red 
lakes, no fade , cannot be r led ou . Ye low pigm ts, such as lead tin yellow and goe-
th , ere also i ntif ed, seldom mixed with azurite.  
he r sults are d sc ib d in Table 3 an  co r borate what H lliard described in his 
tr ati e. L ad whit  and r d lead w r  ndeed th  at rials he recommended to use for 
 rn tion; in th cas  of a pale complexi n he us  of the red co ponent, sometimes 
mixed with small amount of m stico e (a t m that at this peri  sh uld be understood 
l ad tin yellow [21,22]), s reduced, where  for swarthy one, masticote and ochres 
should b  dd d [15]. Simila  mixtu es a e als described by Norgate, although he does 
not mention the u  of masticot  [1]. Additionally, cientific analys  rev aled the presence 
of vermil on, which was iscour ged by Hilli d and Norgate in their treatises but was 
c sis e tl  mployed i  the flesh ones analysed.   
T e vol me of the m u  was built up start g w th two short brown lines painted 
at corn r (Figure 1); vermili n i  he main pi me t s d for t e lips during the French 
period, where s from the 1580s, pink lak s nd d lead a  preferred. The separation line 
b tween u per an  low r lip con isted f a red lak . Thes results confirmed what was 
written by Hilliard and Norg t , as the materi ls to b us  fo  th  mouth were lake, red 
l ad, and a white pigm  [1,15]. Vermilion w s ide tifi d by cientific analyses as an 
additional pigment present.  
The yes w r inve tig t d  everal area : ash lines, the eyelid fold, and the 
inner corner. The ey lash a ey lid l nes w re general y traced with a black or a diluted 
b wn pigment, probably o org n c origi  and partially faded. A se nd, darker line cov-
ere the first one and was made of carbon lack and what looks like organic brown pig-
men s (Figure 2a); on the l ter po traits, th  s cond ine appears to be applied only on the 
eyelash n an n t o th  yelid fold (Figure 2b). The ly exception is on E.1178-1988, 
whe  the first l n s re tr ced with a red m terial. T e pr ence f eyelashes is shown 
o ly  the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lo er eyelash lin  (Figure 2b). 
Hil ard wrote that th o tlines f the faci l features should be drawn by a fine pencil 
(to be underst d s  b ush) with a faint r s  lour made of a lake [15]; this probably 
cor sp nds t  the b own l n s of or an c origin seen during the analyses.  
Th  eyes’ i ner corner, wh n vis ble, is painted with a red material, the composition 
of which varies for each miniature.  
Tab e 3. Min at res by Ni ol s Hi liar  which h ve undergon  ech ical a d scientific examina-














































 Lead white       
Vermilion         
Hematite       
Red lead         
Lead tin yellow I       
Lead tin yellow I
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objects that he painted in France (P.154-1910, P.155-1910) and a portrait of an unknown 
man (E.1177-1988) studied in this article. It is characterised by highly worked and fully 
modelled flesh tones, achieved by applying any layers of paint. The analyses showed a 
lead white and carbon black atrix scattered with red pigment particles, typically hema-
tite and vermilion. This is also in accordance with the findings on a portrait of Henri III, 
recently discovered and associated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to his stylistic change during the 1580s, the flesh tones appear 
pale, with a preference for red lead as the ain red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thite, were also identified, seldom mixed ith azurite.  
The results are described in Table 3 and corroborate what Hilliard described in his 
treatise. Lead white and red lead were indeed the materials he recommended to use for 
the carnation; in the case of a pale complexion the use of the red component, sometimes 
mixed with a small amount of masticote (a term that at this period should be understood 
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres 
should be added [15]. Similar mixtures are also described by Norgate, although he does 
not mention the use of masticote [1]. Additionally, scientific analyses revealed the presence 
of vermilion, which was discouraged by Hilliard and Norgate in their treatises but as 
consistently employed in the flesh tones analysed.   
The volume of the mouth was built up starting with two short brown lines painted 
at the corners (Figure 1); vermilion is the main pigment used for the lips during the French 
period, whereas from the 1580s, pink lakes and red lead are preferred. The separation line 
between upper and lower lip consisted of a red lake. These results confirmed what was 
written by Hilliard and Norgate, as the materials to be used for the mouth ere lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigment present.  
The eyes were investigated in several areas: the eyelash lines, the eyelid fold, and the 
inner corner. The eyelash and eyelid lines were generally traced with a black or a diluted 
brown pigment, probably of organic origin and partially faded. A second, darker line cov-
ered the first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the later portraits, the second line appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only exception is on E.1178-1988, 
where the first lines are traced with a red material. The presence of eyelashes is shown 
only on the portrait of an unkno n woman (P.8-1945), where dots are painted on the 
lower eyelash line (Figure 2b). 
Hilliard wrote th t the outlines of the facial featur s should be drawn by  fi e pencil 
(to b  und r ood s a brush) with a f int ose colou made f a lake [15]; this probably 
c rresp n s to the brown lines of organic orig n seen during he analyses.  
The eyes’ inner corner, wh n visible, is painted with  red material, the composition 
of which v ries for each miniatur .  
Table 3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white    
V r il on  
Hematite       
R d lead     
Lead tin yellow I        
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objec s that he pa ted i  France (P.154-19 0, P.155-1910) and a portr it of a  unknown 
man (E.1177-1988) studied in this article. It is haracterised by highly worked and fully 
modelled flesh tones, achieved by applying many layers of paint. The analyses showed a 
lead white nd carbon bl ck matrix scattered with red pigment particles, typically hema-
tite and vermilion. Thi  is also in accordance with the findi gs on a portrait of Henri III, 
recently discovered and ssociated to Hilliard’s work in France [20]. In the second group 
of objects, corresponding to h  stylistic change during the 1580s, the flesh tones appear 
pale, with a preferenc  for red lead as the main red components, although the use of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
thit , were also identified, seldom mixed ith azurite.  
The results are d scribed in Table 3 and c roborate what Hilliard d scribed in his 
treatise. Lead white and red lead were indeed th  materials he recommended to use for 
the carnation; in the case of a pale complexion the use of the red component, sometimes 
mixed with a s all amount of masticote (a term hat at th s peri d should b  understood 
as lead tin yellow [21,22]), was reduced, whereas for a swarthy one, masticote and ochres 
shoul  b  added [15]. Si ilar mixtures are also d scribed by Norgate, although he does 
no  mention the use of masticote [1]. Additionally, scientific analys s revealed th  pr sence 
of vermilion, which was discouraged by Hilliard and Norgate n their treatises but as 
co sist ntly employed in the flesh tones analysed.   
The volume of the mouth was buil  up start ng ith two sh rt brown lines painted 
at th  corners (Figur  1); vermilion is the main pigm nt used for the lips during the French 
period, hereas from the 1580s, pink lakes and red lead ar  preferred. The separation line 
between upper and lower lip consisted of a red lake. These results confirmed hat was 
written by Hilliard and Norga e, as th  materials to be used for the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identified by scientific analyses as an 
additional pigm nt present.  
The eyes were investigated in sever l areas: the eyelash lines, the eyelid fold, and the 
inner corn r. The eyelash and eyelid lines were gene lly traced with a black or a iluted 
brown pigment, probably of organic origin nd partially faded. A second, darker line cov-
ered the first one and was made of carbon black and what looks like organic brown pig-
ments (Figure 2a); on the late  portrait , the second lin  appears to be applied only on the 
eyelash line and not on the eyelid fold (Figure 2b). The only excepti  is on E.1178-1988, 
w re the first lines r  traced with a red material. Th  pr sence of eyela hes is shown 
o ly on the portrait of a  unknown woman (P.8-1945), where dots are painted on the 
lower eyelash l ne (Figure 2b). 
Hilliard wrote that the outlines of the acial f atures should be drawn by a fine pencil 
(to b  und rs ood as  brus ) it  faint rose colou  made of a lak  [15]; this probably 
c rrespon s to the brown lines of organi o gin see  during the analyses.  
The yes’ inner cor er, when visible, is pai ted with a r  material, the composition 
of which vari s for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone tech ical and scientific examina-














































 L ad white    
V r il on  
Hematite     
R d lead    
Lead tin yellow I       
Red l ad
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objects that he pa nted n Fr nce (P.154-1910, P.155-1910) and a portrait f an known
an (E.1177-1988) studied in this rticle. It is char cterised by hig l  work d and fully
mo elle  flesh tones, achieved by applying any layers of pa nt. The an yses showed a 
lead whit  and carbon black at ix s attered red pigment particles, typically hema-
tite and milion. This s also in acco ance with the findi gs on a portrait of Hen i III,
recently disc vered and as ocia ed to Hilliard’s wo k in France [20]. In th  second group
of objec s, cor sp ding to his stylistic change duri g the 1580s, t e flesh tone  appear
pal , with a pr ference for red lead as the main red component , although the us  of red 
lakes, now faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
t ite, w re lso identified, s ldom mix d with azurite.  
The r sults ar desc ibed in Tabl 3 and corroborat what Hilliard described in his
re tise. Lead hit  and red lead were indeed mate ials h  reco mended to use for
the carna ion; in the case of a pal  complexion the use of the red compo ent, s metimes
mixed with a small amount of masti ote (  term that at this p ri d sh uld be u rstood
as l tin yellow [21,22]), was red c d, wh reas for a swarthy ne, masticote and ochr
should b add d [15]. Similar mixtures are also described by Norgate, lthough he does
not menti  t e use of mast cote [1]. Add tion lly, scientific analyses r veal d the presence
of vermilion, which was disc uraged by Hi liar  and Norgate in their treatises but was 
consistently e pl yed in the flesh tone  nalysed.   
The volu e of the m uth was built up starting with tw  s ort brown lin s painted
at the corne s (Figure 1); vermilion i  the mai  pigment used for the lips during the French
p riod, wher as from th  1580s, pink lak s nd red l ad are p ferred. The separation line
bet en upper and lower lip consisted of a ed lak . These results confirmed what was
written by Hilliard and Norgat , as the m terials o be used for he mouth ere l ke, red
lea , a d a white pigm  [1,15]. Vermilion was identified by scientific analyses as an 
additional pigm nt present.  
The eyes w r  investigated i  ev al ar as: the eyelash lines, the eyelid f ld, and he
inner corner. The e elash d eyel d li es were generally traced with a black or a diluted 
b own pigme t, probably of organic o igi  partia ly f ded. A second, darke  line cov
er d th first one and was made of carbon bla k and what looks lik organic brown pig-
m nt (F gure 2a); n the at r portraits, the second lin appears to be applied only on the
eyelash line and ot on the eyelid fold (Figure 2b). Th  o ly exception is on E.1178-1988,
wher the first lines are traced ith  red material. T e presence of ey lashes is shown
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lowe  eyelash line (Figure 2b). 
Hilliard w ote th t t e outl nes of t e facial feat r s should be drawn by  fi e pencil
(t  be und r to d s a brush) with a f int o e colour made of a lake [15]; this probably 
corresponds to the b n lines of organic origi  s n during the analys s.  
Th eyes’ inn r corner, when visible, is p inted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniatur s by Nicholas Hilliard which have n ergone technical and scientific examina-














































 Lead white         
V rmilion         
Hematite         
Red lead         
Lead tin yellow I        
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objects t at he pain ed in France (P.154-1910, P.155-1910) a d a portrait of an unknown 
man (E.1177-1988) studi d in his articl . It is charact ri ed by highly worked and fully 
odelled fl sh tones, achiev  by applying many la rs of paint. The analyses showed a 
le d wh e nd carbon black matrix sc tered with red p gment particles, typically hema-
tite nd v rmilion. This s also  accorda ce wit  th  fi i gs on a portrait of Henri III, 
recently dis overed d associated to Hilliard’s work i  Fr nce [20]. In the second group 
of object , correspondi g to his stylistic change d ring th 1580s, the flesh tones appear 
pale, wi h a preference for red lead as the main red c mponents, although the use of red 
akes, n w faded, cannot be ruled out. Yellow pigments, such as lead tin yellow and goe-
th te, wer  also i entified, s ldom mixed w th azurite.  
The results are described in Table 3 and corroborate what Hilliard described in his 
tre tise. L ad white and red lead were indeed h  aterial  he recommended to use for 
the carn ion; in the case of a pale complexion the use of the red component, sometimes 
mix  with a s all amount of masticote (a t r  that at t is peri  should be understood 
as le d tin yellow [21,22]), was r uced, wher  for a swarthy one, masticote and ochres 
should be add  [15]. Similar mixtures ar  also d sc ib d by Norgate, although he does 
not mention the use of masticote [1]. Additionally, scientific analys s revealed the presence 
of vermilion, which was iscouraged by Hillia d and Norgate in their treatises but was 
consistently employed in the flesh tones analysed.  
T e volum of th  mouth was built up starting wi two short brown lines painted 
at the corner (Figure 1); vermilion is th main pigme t us d for t e lips during the French 
p iod, where s from the 1580s, pink lak s and red lea are preferred. The separation line 
b tween upper and l w r lip consist d of a red lake. These results confirmed what was 
wri ten by H lliard a d Norgate, as th  materials to b  u d fo  the mouth were lake, red 
lead, and a white pigment [1,15]. Vermilion was identifi d by scientific analyses as an 
a ditional pigment pr sent. 
Th eyes ere inv tigat d in ev ral areas: the eyelash lines, the eyelid fold, and the 
inner corner. The eyelash d e eli  lines were g nerally traced with a black or a diluted 
brown pigment, pro ably of organic rigin and pa tially faded. A second, darker line cov-
ered he fi st on  a  was made of carbon b ack a d what l oks like organic brown pig-
ments (F gure 2a); on the later portraits, the s cond line appears to be applied only on the 
yelas ne and not on the eyelid fold (Figure 2b). T  nly exception is on E.1178-1988, 
where the first lines are tr ced with a d mate ial. The presenc  of eyelashes is shown 
only on the portrait of an unknown woman (P.8-1945), where dots are painted on the 
lower eyel h li e (Fig re 2b). 
Hil rd wrote that th  tlines f the f l feature sh uld be drawn by a fine pencil 
(to be understood  a br sh) with  f int ros  colour made of a lake [15]; this probably 
cor esponds to the b ow  lines of or anic orig n seen during the analyses.  
The eyes’ inner cor er, when visible, is painted with a red material, the composition 
of which varies for each miniature.  
T ble 3. Miniatures by Nicholas Hilliard which h ve undergon  tech ical and scientific examina-














































 Lead white         
V rmilion         
Hematite         
Red lead         
Lead tin yellow I        
Goethite
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obj cts t at he pai ed  France (P 154-1910, P.155-1910) and a portrait f an u known
n (E.1177-1988) studied in this rticle. It is char ct ri ed by hig ly work d and fully
mo elled flesh tones, achiev by applying many l yers of paint. The analyses showed a 
le d wh  nd carbon black matrix scattered red pigment particles, typically hema-
tite and v rmilion. This is also  accordance wit  th  fi i gs on a portrait of Hen i III,
rec ntly discovered d asso ated to Hilli rd’s wo k i Fr nce [20]. In the second group
f objects, cor spo di g to his stylistic change duri g th 1580s, the flesh tone  appear
pal , with a pr ference for ed lead as the main red c mponent , although the use of red 
lakes, n w f de , cannot be ruled out. Yellow pigm nts, such as lead tin yellow and goe-
thite, re also i entified, s ldom mix d w th azurite.  
The r sults ar desc ibed in Tabl 3 and corr borate what Hilliard described in his
rea i e. L ad whit  and red lead wer  n eed  materials h  reco mended to use for
the carna ion; in the case o a pale complexion the us of the red component, sometimes
mixed with a sm ll amount of masti ote (a t r  that at t is peri d should be u erstood
as le tin yellow [21,22]), was r c d, wher as for a swarthy ne, masticote and ochr
should be ad  [15]. Simila  mixtures a  also describ d by Norgate, lthough h  does
no  enti  th  u  of mast cote [1]. Additionally, scientific analyses r veal d the presence
of vermilion, which was iscouraged by Hi liar  and Norgate in their treatises but was 
consistently e pl yed i  the flesh ones ana yse .  
The volum of the mouth was built up starting wi  tw  short brown lines painted
at the cor er (Figure 1); vermilion is h  ma  pigment used for the lips during the French
p iod, wher as from the 1580s, pink lakes nd r d l a a  p f rred. The separation line
b tw en upp r and lo r l p consisted of a ed ak . These results confirmed what was
wri ten by Hilliard a d Norgate, as the materials to be u d for the mouth were lake, red
l a , a d a white pigm  [1,15]. Vermilion was e tified by scientific analyses as an 
addit onal pig nt present. 
Th  eyes w r  inv stigated in sev ral ar as: the ey lash lines, the eyelid f ld, and he
inner corner. The eye sh e el  line were generally traced with a black or a diluted 
b own igment, pro ably of org nic igi and artially f ded. A second, darke  line cov
er d th  fi st one and was mad  f carbon bla k and what l oks lik organic brown pig-
m nt  (F gure 2a); n th  lat r portraits, th  second lin appears to be applied only on the
yelash line and ot on the eyelid fold (Figure 2b). T  only exception is on E.1178-1988,
where the first lines are traced with a d mate ial. The presenc  of ey lashes is shown
only on t  portrait f an u known woman (P.8-1945), wh re dots are painted on the 
lo er eye a h lin (Figure 2b). 
Hilliard rote th t the tlines of t e f cial feat e sh uld be drawn by a fine pencil
(to be understood a a brush) with a faint ros lour made of a lake [15]; this probably 
cor spo s to t e br w  lines of organic orig n s en during the analyses.  
The eyes’ inner corner, when visible, is painted with a red material, the composition 
of which varies for each mi iature.  
T ble 3. Miniatur s by Nicholas Hilliard which have un ergone technical and scientific examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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objects that he p i t d in France ( . 4- , P.155-1910) nd a portrait of an unknown 
man (E.1177-1988) studied  this rtic e. It  c aracterised by highly orked and fully 
dell d flesh ton s, achieved by pply ng many laye s of p int. The analyses showed a 
lead whit and ca bon black matrix s attered w th red pigment articl s, typically hema-
tite a  ve mili n. This is also in accordan e with the findings on a portrait of Henri III, 
rec ntly dis vered a d asso iate  to Hilliard’s work in Franc [20]. In the second group 
f bj cts, cor sp nding o h s sty istic ang u ing t e 1580s, the flesh tones appear 
pal , with a p ef rence for red le d as the ain r d comp nents, although the use of red 
l k s, now f ded, cann t b  ru e  out. Yellow pigments, such as lead tin yellow and goe-
thi , wer  also identif ed, s ldom mixed with azurite.  
Th  r ults ar  escrib  i  Tabl 3 nd corroborate what Hilliard described in his 
reatise. Lead whit and r d a wer i dee  the materials h  reco mended to use for 
he carn ti n; in the case f a pale compl xion th  use f the r d component, sometimes 
ixed with ll amount of m stico e (  term t at at t is peri d should b  understood 
as lead tin yello [21,22]), w s r duced, w reas for a swarthy ne, masticote and ochres 
should be added [15]. Similar mixtures e also d s ribed by N r ate, although he does 
ot me t on the us of masticote [1]. A ditionally, scie tific analyses rev aled the presence 
of vermilion, w ich was di cou ag  by H lliard an  Norgat  in their reatises but was 
consistently employed in the fl sh tones analysed.   
Th  volume of th  m u  was built up tarting wi h two short brow  lines painted 
at the c r ers (Figure 1); vermi ion is the m in pigme t used fo  the lips during the French 
riod, h r as from the 1580 , pink s and red l ad are pref rred. The separation line 
between upper an lower lip consisted of  r lak . These results confirmed what was 
written by Hilliard and Norgate, as the mater als to be used for the mouth were lake, red 
le d, and a white pigment [1,15]. Vermili n was identified by scientific analyses as an 
additional pi m nt pre n . 
The ey  wer  investigate  in sev r l are s: the eyelash lines, the eyelid fold, and the 
er rner. T e eyel h a d ey lid li s were generally traced with a black or a diluted 
br wn pigme t, rob bly of rganic origin a d partial y faded. A s c nd, darker line cov-
ered the first on  and w s made f carbo bl ck nd what looks like organic brown pig-
ments (F gure 2a); on the later o tra t , t  econd li e appears to be applied only on the 
eyelash li e and not on t ey lid fold (Figure 2b). The onl  exception is on E.1178-1988, 
where the irst li es are trace  with a red material. The presence of eyelashes is shown 
only on the portrait f an unknown woman (P.8-1945), where dots are painted on the 
lo er ye sh li e (Figur 2b).
Hilli r wr te that the ou ines of the facial fe tur s should be drawn y a fine pencil 
(to e und rstood as a b us ) with a fai t rose colour made of a lake [15]; this probably 
orresponds to th  brown lines of organic origi  een du ing analyses.  
Th eyes’ ner corner, when visible, is painted wi h a red material, the composition 
of ic  varies for each miniature.  
Table 3. Mini tur by Nicholas Hilliard which have undergone technical and sc entific examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
Heri age 2021, 4 FOR PEER REVIEW  2 
 
 
obj c s that h  pa ted i  France (P.154-19 0, P.155-1910) d a portr it of a  unknown 
man (E.1177-1988) studi d n this artic e. It is haracterised by highly worked and fully 
mo ell d fl sh tones, achieved by ap lying any layers of p int. The nalyses showed a 
lead h te nd c b n bl ck ma ix s atter d with red pigment particles, typically hema-
tite and ve m lion. Thi is also i  accord nce with the findi gs o  a portrait of Henri III, 
rec tly dis v red a d ssociated  Hilliard’s work in Franc  [20]. In the second group 
of bj c corr sponding to h  sty istic cha g during t e 1580s, th  flesh tones appear 
pale, w th a pr ferenc  for red l ad as the main re  compon nts, although the use of red 
lakes, now faded, cannot be rule  ou . Yellow pigments, such as lead tin yellow and goe-
thi , were lso identified, seldom mix d ith azur te. 
Th r sults ar  describ d in Tabl  3 and c r borat what H lliard d scribed in his 
r atise. Le d whit  an  r d l a w r  n eed th  at rials he r commended to use for 
nati n; in the cas of a p le c mplexion the use of the red co ponent, sometimes 
ix d with a s all amoun of m stico e (a m hat at h s peri d s uld b  understood 
s lead tin yellow [21,22]), as r duced, wh reas for  swarthy one, masticote and ochres 
houl  b  dded [15]. S ilar mixtures a  s  d scribed by Norgate, although he does 
no  mentio  the use of mas icote [1]. Additionally, scientific analys rev aled th  pr sence 
f vermil on, w ich was discour ged by H lliard and Norgate n their treatises but was 
co sist ntly employed in the fles to analysed.   
Th  volum of the mou h w s b i  up start ng ith two sh t brown lines painted 
at th  corners (Fig r  1); v ilion is the m in pigm nt sed for he lips during the French 
peri d, wh r as from the 1580s, pink lak s and ed lead ar  preferred. The separation line 
be ween u p r n  l wer lip con i ted of  re  lake. T es  r sults confirmed hat was 
wr tten by Hilliard and Norg e, as th  materi ls to be used for th  mouth were lake, red 
le d, and whit  pigment [1,15]. Vermilion was identified by cientific analyses as an 
dditional pigm nt presen . 
The eyes were investigate  i  sev ral r a : sh lines, the eyelid fold, and the 
ner orn r. T e eyela h eyel d lines w re g ne l y t aced with a black or a iluted 
brown pigment, r bably of org c rigin nd partially faded. A se nd, darker line cov-
er the first one and was m de f carbon black and what looks like organic brown pig-
men s (F gu  2a); on th  lat  portrait , th  se ond lin  appears to be applied only on the 
eyel sh l n an n t o  th  yel d fold (Figure 2b). The ly excepti  is on E.1178-1988, 
w re the first l nes r  traced with a red material. Th  pr nce f eyela hes is shown 
o ly on the portrait of a  unknown woman (P.8-1945), where dots are painted on the 
lower y ash l ne (Figur 2b).
Hillia rote th t the outlines of the acial features should be drawn by a fine pencil 
(t  b und r t od s  brus ) with a fa nt r s colour made of a lake [15]; this probably 
cor espon  to the brown l nes of organ c rigi  s e  during the analyses.  
Th eyes’ i ner corner, when vis ble, is painted with a red material, the composition 
of which vari s for each miniature.  
Table 3. Mini t res by Ni ol s Hilliard which have undergone ech ical a d scientific examina-
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Lead tin yellow I       
Hematite
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objects that he p inted in Fran e (P. 54-1910, P. 55-1910) and a portr it of an unknown
m n (E.1177-1988) tudied in this rticle. It is c aracter ed b  ighly work d and fully
mo elled fl sh tone , a hieve by applying ma y l yers of p int. The an lyses showed 
l ad white and carbo bl ck m rix scatt r d w th red pigment particles, typi ally h m -
tite and vermilion. Th s is also in a cordance with t e fin ngs n a por rait f H i III
rec ntly discovered a d ssociate to Hil ard’s w rk in Fr ce [20]. I the second group
of objects, corr spond ng to his stylistic chang du i g the 1580s, the f s  t nes appear 
pal , ith  prefe nc  for r  lead s th  ma   co p nen s, a t ough the use f r d
lakes, no  faded, can ot b rule o t. Yellow pigmen s, suc  as lead tin y llow and go -
ite, were lso identified, s ld  mix d with azurite. 
The results re de cribed in T bl  3 and co robor t  what Hilliard de c ibed in hi
treatis . Lead white and red le d wer  inde d the m eri ls e rec m d to u  for
t e c rnation; in the c se of a pale complex on the use of h  red comp nent, o tim
mixed w th a small am unt f as cote (a t rm hat t thi  pe i d should be un er t od
as ead tin yellow [21,22]), was reduce , where  f r a swarthy one, a tico  and ochre
should be add [15]. Similar m xtures are a so escribed by Norg te, although he doe
n t mention the use f asticote [1]. Add tionally, scient fic a al es revealed th  presence
of vermilion, which was discour g d by H lli d an  Norgat i  t ei  treat ses but was
consist ntly e ploy d in t  f sh tones an lyse .   
Th volume of the mouth as built up starti  with t o hort brown lines p t d
at he corners (Figure 1); ve milio   the a n pigm nt f r the lips during th  French
period, wh reas from th  1580s, pink ak s  r d lead ar  pr fer d. The p ration line
betwee  u per a d low r lip consisted of a red ake. These esul s confir d wh t w s
written by Hilliard and Norgate,  th  ma eri ls o be us d for th  mouth w e lake, red
lead, and a white pigment [1,15]. Vermi ion s identified by sc ntific na ys s as an
additional igm nt pre e t.  
T e eyes w re investigate  i  s v al areas: t s li s, th  ey lid fo d, a  the 
inner corner. Th yelash nd yelid lines were ge e ally aced ith  black r  ilu ed
brown pi me t, probably of organic rigin and p rti lly fad . A econd, darker li e cov-
r d t e first one and as ma e of carbon bl ck nd what lo ks lik rganic brow  pig-
ments (Figure 2a); o  the lat r portr i s, t e seco  line app o be pplied only 
eyelash lin and no n t  eyelid fold (Figu 2b). The ly xception is on E.1178-1988,
where the f rst in s are traced wit   r d materi l. The pr enc  f eyelashes is shown
only on the p r i  f an unknown om  (P.8-1945), wher ots ar  ainted n the
low r eyela h line (Figure 2b . 
Hilliard wr t  that  outl f  faci l features sho ld e d awn by a fine pencil
(to be unde tood as a br sh) with a faint r se colour made of a lake [15]; th s pr bably
corresponds to the brown lines of orga ic origi  s en duri g the analys s.
The eyes’ inner corner, w en v sible, is painted with a red material, the composition 
of which varies for each miniature. 
Table 3. Miniatures by Nicholas Hilliard which hav  undergone technical and scientific examina-
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obj c s that h pa t d in Fr nce (P 154-1910, P.155-1910) nd a portra t of an nkn wn 
(E.1177-1988) studi d in this a ticl . It is char ct sed by highl worked and fully 
m de le  flesh tones, ach eved by pplyi g many layers of p nt. The an yses showed a 
le  i  an  carbon bl ck a x s ttered with red igmen  particl s, typic lly hema-
tite nd milion. This also in a co anc  w th the findings on a portrait of Henri III, 
rec ntly disc ver d and a oci ed to H ar ’  work in France [20]. In th  second group 
of objects, corr sp nd ng to his stylistic chang  duri g th 1580s, t e fles  tones appear 
pal , with a p erenc  f r r d l  as he main red components, although h us  of red 
lak s, now fa , annot be r led out. Yellow pigm t , such as lead tin y llow and goe-
t ite, ere lso i en if ed, l om m x with zu t .  
h  r ul s re desc ib in Table 3 an  co r bo at what Hilli d described in his 
tre i e. L d white and r d l ad w r  indeed the mat al he r c mmended to use for 
the carnation; n the case of p l co plexion h  us  of the red component, metim s 
mixed with small amount of masticot  ( term that t this p riod h uld be und rsto d
l  tin ell w [21,22]), s reduced, wh r a  or a s rthy one, masticot  and oc res 
should b ad ed [15]. Simila  m xtu es  als  escribed by Norgate, altho gh he does 
not ention t  u  of mastico e [1]. A d ti n lly, sc nt fic analyses reve l d the p esence 
of v r ilion, which was di c urage by H lli rd and Norga e in their treatises but was 
ns s e tly employ d i  t e fles on  n ly ed.  
The vol of t  m uth was built up star g w th two short brown li s paint d 
t the co n s (Figure 1); vermilion i  he ma n pi m nt used for the lips uring the Fr nch 
period, wh r s from th  1580 , p nk lak a d r d l ad a  pref rred. Th  epa ation lin  
between upper an  low r lip c st d f a red ak . Thes r sults confir ed wha  w s 
written by Hilliard and Norgat , as the m terials o b us  for he mouth wer l ke, r d 
l ad, n  a wh  pigm  [1,15]. Ve mili n w s ide tifi  by scientific analyses as an 
add tion l pigment p esent.  
The yes w e i vestigat d v al ar a : the ey lash i s, the ey li  fo d, nd the 
inne  cor r. Th  lash d ey lid l es wer ge erally traced with a black or a diluted 
b own pigme t, probab  org nic or gi  partia ly faded. A second, darker l ne c v-
red th fi t o e and was made of carbon bl ck and what looks like organic brown pig-
ments (Figur  2 ); on the at r p tr its, the s c d in  appears to be a pl ed only on the 
eyelash lin  and not on the ey lid fold (Figure 2b . Th  o ly xception is on E.1178-1988, 
w re the first l n s re trace ith  d t rial. T  presence of eyelashes is shown 
only o t e p rtrait f an u kn wn woman (P.8-1945), where dots are painted on the 
lo e  eyelash lin (Figure 2b). 
H ll ard wrote that th outlines f t  fac al fe tures hou d b drawn by a fine pencil 
(t b  understood s a b u ) with a faint ros lour made of  lake [15]; thi  probably 
corr sponds t  th  b o n lines of orga ic origin een during t e analyses.  
Th  eyes’ inner corn r, wh  visible, is painted with a red material, the composition 
of which varies for each miniature.  
Tab e 3. Min atures b  Nicholas Hilliard w ich have ndergone technical and scientific examina-
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objec s t at e p ted  Fr ce (P.154-19 0, P.155-1910) d a portr t f  u known
an (E.1177-1988) studi d in this r ic e. It s ar cterised by h g ork d and fully
e led flesh ton s, achieved by apply n  many laye s of pain . The a alyses showed a 
lead w it carbon bl ck m rix scattered red pigment particl s, typically hema-
tite n  v rmili n. Thi  als  in a co a ce w th the findi gs on a portrait of Hen i III,
rec nt y disc ver d an  so a ed t Hi ard’s w rk in France [20]. In the second group
f obj s, c r spo ing to h  stylistic hang  uring t e 1580s, the fles  tone  appear
p l , with a p f renc  for red lead as th main red component , although he use of red 
l k s, no fad d, ca not b rule  out. Ye low pigments, such as lead tin yellow and goe-
th , w r  also id n if ed, s l m m xed with azurit .  
T r ults r  sc ib in Tabl 3 nd c rr borate what Hillia d d scribed in his
r atise. Lead whit and r d ad w r indeed mat rials h  reco mended to use for
th  carn ion; n th  case f a p le co plexi n th  use of the red comp nent, sometim s
mixed with a s ll amount of m ti ot  (a term at t th s peri d s oul b  u erstood
as l a tin yellow [21,22]), w s red c d, w re s for a swarthy ne, masticot and oc r
shoul  b ad d [15]. Si ilar m xtures re also d scribed by Norgate, lthough h  does
o  e the use of mast cot  [1]. Additionally, c tific analys s r veal d th  pr sence
of v r ilion, which was di cou ag by H li r an  Norgate n their treatises but was 
c sist ntl pl yed n t  fl sh ton s an lysed.   
The volum  of t  m ut was buil up t rt g ith tw rt br w  lines paint d
at c ners (Figur  1); v r i ion i  the mai  pigm nt us d or the lips during the French
r od, wh r as from th 1580 , p nk l and red l ad ar  p ferred. The s pa ation line
betw en upper and low r lip c sist d of a e lake. Thes results confir ed hat w s
writt by Hilliard and Norga e, as th  mater ls to b used for the mouth were lake, r d
lea ,  a whit  pigm  [1,15]. Vermili n as identifi d by scientific analyses as an 
add tion  pi m nt pre nt.  
The yes w  invest g ted i s v r l ar : the ey lash ines, the eyelid f d, and he
in er rn r. The y l sh n  eyel li es ere ge e lly traced with a black or a iluted 
b wn pigm t, prob b of rganic o ig d p rtial y f ded. A sec nd, darke  l ne c v
er  the fir t on  and w s mad  f carbo la k nd what looks lik organic brown pig-
m nt  (F gure 2a); n the l  p tr it , t  cond li appears to be a plied only on the
eyelash li d ot n t  eyelid fold (Figure 2b). The onl  excep i  is on E.1178-1988,
w  the i st li es r  traced with a red mat rial. Th  pr sence of ey la hes is shown
o ly n t e p rtrait f a u known woman (P.8-1945), where dots are painted on the 
lo er yelash l ne (Figur 2b).
Hilliard w ote th t the ou lin s of t acial feat es should b drawn y a fine pencil
(to  u de st od as a b us ) with a fai t rose colour made of a lak  [15]; thi  probably 
corresp nds to th br wn lin s of orga ic origin e  du ing analyses.  
Th eyes’ nner corn r, whe  visible, is painted with a red material, the composition 
of ic  vari s for each miniature. 
Table 3. Miniat r s by Nicholas Hi liar  which have un ergone tech ical and scientific examina-
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objec s t at he pa t d n Fr e ( . 4- , P.155-1910) nd a portrait f a  known
an (E.1177-1988) studied n this rtic e. It har cterised by hig l  work d and fully
mo ell flesh tones, achiev d by p lyin  ma y layers of p nt. The an yses showed a 
l a  hit  d c b bl ck at ix s ttered red pigment articles, typically hema-
tite d mil on. Thi  s ls in acc ance with the findi gs on a portrait of Hen i III,
cently di vered d s oc a ed t  Hillia d’s wo k in Franc [20]. In th  second group
f bjec s, cor sp ding o h  ty istic cha g duri g the 1580s, t e flesh tone  appear
p l , with a p f renc  for r d le d as th ain r  comp nent , although the us  of red 
l k s, now fad d, cann t be ru e t. Yellow pigments, su h as lead tin yellow and goe-
t it , w re lso identif e , s ld m ixed ith azur te. 
Th r ults ar desc bed i  Tabl 3 and c r borat what Hilliard d scribed in his
r tise. Le d whit  and r d lea w r indeed ate ials h  r commended to use for
th  carna i n; in the case of a p l complexion th  use f the r d compo ent, s metimes
mixed w th  s all amount f ma ti ote (  erm h  at s p ri d s uld b  u rstood
s l tin yello [21,22]), w s r d c d, wh reas for a swarthy ne, masticote and ochr
oul  b add d [15]. S ilar mixtures a so d sc ibed by N r ate, lthough he does
n  me t e us of mast cot  [1]. Add tion lly, scientific analys s r v al d th  pr sence
f vermilio , ich wa i c ura e by H li r  and Norgat  n their reatises but was 
co sist ntly e pl y in the flesh one  nalysed.   
Th  volum of the m u h as b il  up st t ng i h tw s t brown lin s painted
t h co ne s (Figur 1); v r ilio i the m i  pigment used fo  e lips during the French
p ri , her as from th 1580s, pink lak and red l ad ar  p f rr d. The separation line
betw en upper n lower lip consisted of  d lak . T ese r sults co firmed hat was
wr tt n by Hil ard and Norga , as th m terials o be used for he mouth were l ke, red
l , a d wh te p gm  [1,15]. Vermilion as id ntified by scientific analyses as an 
addi on l pigm nt pr en . 
The ey  w r inve t gat  i  ev l r as: the eyel sh lines, the eyelid f ld, and he
i er rn r. T e e ela h ey l li s wer g ne lly t aced with a black or a iluted 
b own igme t, robably of org ic o igi  parti ly f ed. A s cond, darke  line cov
er d th first one an  was ad f arbo  bl k and what looks lik organic brown pig-
m nt (F gur 2 ); on the a  ortrait , th  se ond lin app ars to be applied only on the
eyel sh line and ot on the eyel d fold (Figu 2b). Th  o ly excepti  is on E.1178-1988,
w r  the first li es  rac t   red material. T  pr s nce of ey la hes is shown
o ly on the portr it f a  u known woman (P.8-1945), where dots are painted on the 
lo  ey ash l n (Figure 2b).
Hilli rd r te that the outlin s f th acial fe t  should be drawn by a fine pencil
(t b  under t d as a brus ) with a faint ros colour made of a lake [15]; this probably 
or esponds o th b n line  of organic origi  s e during the analyses.  
Th yes’ inne  corner, when visible, i  pai ted wi h a red material, the composition 
of whic  vari s for eac  miniature.  
Tabl  3. Mini tur by Nichol s Hill ard which have n ergone tech ical and sc entific examina-
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objects th t e p i ted i  France (P.154-1910, P. 55-19 0) a d por ra  of an unknow
man (E.1177-1988) stu i d in his article. It is c aracteris d by ighly work d nd fully
mode l d fl sh tones, achieved by applying ma y l yer  of pai t. T an yses s ow d 
lead hite and c bon black ma ix sca t d with e p g t p r ic e , ty i ally h a-
tite and vermilion. This is also i  a cordance w the fi g   a por rai f Hen i III, 
recently discov red and s oci  t Hil ar ’s work in F a [20]. In the seco group 
of objects, correspon ing o his tylistic chang  uring h  1580s, th f s  tones pp ar
pale, with  prefer nce for r l ad as the ma  r mp ents, lthoug  h  us  f r d
lakes, now fade , cannot be ruled out. Yellow pigments, such a  ad tin y llow an  g -
t te, w r  also den ified, s ldom m xed w  zu it   
 re lts re describe  Tabl 3 an corr bor e t Hilli  esc ibed i  hi
treatise. Lea  white and red l ad we ind the m t ri ls he r comm nd  o s  fo
the car ation; in the cas a pale compl x on th  use f the red co p n nt, s tim s
mix d with a small amount of m sticote (a t rm t a this p ri d should be un e st od
as lead tin llow [21,22]), as reduced, w r as for  swarthy one, and c res
should be added [15]. Si ilar m x ures are a s  d scribe by N rgate, lth gh he es
no  me ion the use of mas icote [1]. Additiona ly, sc en fic analy es r ve d th  pres e
of vermil n ich was discourage  by Hilli d and N rgat i i r atis  but w s
consist tly emplo ed in t  flesh t nes n lysed.   
The volum  of the m uth built up st r i  with tw ho t brown li s p t
at the co n rs (Figure 1); ver ili n is the ma n igm nt s d for the s duri g h  F nch
period, wh re s fro  1580s, p nk lak  and r  l ad  ref r ed. Th e tion line 
between upp r a d lower lip c sist  of a d ake. Th s results confi ed wh t w s
ritten by Hilliard and Norg e, s th mater als to be us d for t e out  w e lak , r
lead,  a white igme t [1,15]. Ve m li was i enti by sc ntif c alyses as  
additional pigm nt pr sent.  
Th  yes w e i vestig t d i  s v ral ea : t e i es, th e e f d, and
inner cor er. The yelash and yelid nes wer  e ally t aced with a bla k r a iluted
brown pigment, p ob bly of org nic origin nd par i lly fad . A econd, d rke l c v-
ered the fi t one nd w mad of carb  b ack d what lo ks ik  organic b ow  pig-
ments (Figure 2a); on t e later po trai s, t e seco l ne ppears o b  a pl only on the 
eyelash n  and no  on eye id fo d (Fig re 2b). Th o ly xc ptio  is o  E.1 78-1988,
wh re the f rst lines are traced with a ed m rial. The p e c yel she is shown
only on th  portrait f n unk w  w m  (P.8-1945), where do s r  painted n t e 
lower eyelash li (F gur 2b). 
H lliard wrote that th  u lines f t fac al featur s sho ld rawn by a fine pen il
(to be understood a  a brush) with a faint rose col ur made of a lak  [15]; t  p bably 
corresponds to th  brown lines of orga ic orig n en duri g t e analys s.
The eyes’ inner corn r, whe  visible, is painted with a red material, the composition 
of which varies for each miniature.  
Tabl  3. Miniatures by Nicholas Hilliard which have undergone technical and scientific examina-
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objects that h  paint d n Fr n  (P.154-1910, P.155-1910) nd a ortrait f  u k wn
(E.1177-1988) udi  in this ticl . I is char ct by hig ly work d and fully
o e ed fl s ton , a h eved by pplyi g y la ers of p int. The an lyses sh wed a 
lea whi and carbon bl ck m r x sc tt r d gmen particl s, typic lly hema-
tit  nd v r ilion. T is al  in a co anc w th the findi gs n a portrait f Hen i III,
recent y dis over d and a soc ed t H l ar ’s w k in France [20]. In the second group
of objec , cor p d ng to his stylistic chang  d rin  t e 1580s, the fl s  tone  app ar
p l , i h  p erenc  for d le s the main ed comp nent , although h  use of red 
akes, n fa d, annot be rul out. Ye l w pigment , such as le d tin y llow n  goe-
h t , w re also id n ifie , ld  m x  with z t . 
T  r l s r d sc b in T bl 3 d co r bo at  what Hilli d d scribed i his
r is . L d w it  and re l ad wer  indeed a al h  r co m ed to se fo
the c rna ion; th  c s o p le co plexion t  us  of the red component, o tim s
ix w th a small am unt of mas ot  (a t r  hat t t i  pe i d hould be u rsto d
as a tin ll w [21,22]), was red c d, wher a  r a r hy e, ma ticot  an oc r
ould b  add [15]. Similar m xtures  also c ib d by Norgate, ltho g  h  does
not men th  us  f mast co  [1]. Ad i i n lly, c t fic analyses r ve l d the p esence
of vermi ion, which was i c u aged by H i r an Norga e in their treatises but was 
s t ntl pl y d in t e fle tones a aly . 
Th  volu of t e mout  was built up st r g w th tw s o t brown li s paint d
t  co r (Figure 1); vermilion i  the m i pigm nt u d for the lip  uring th  Fr nch
p riod, wh r s from th  1580s, p k lak  red l ad ar  p ferred. Th  p ation lin
b tw en upper nd l w r ip c s t d o  a ed lak . Thes r sults conf r ed wh  w s
writt n by H llia d and N gat , a  the ma eri ls to be us for th  mouth wer  lake, r d
lea ,  a wh e igm  [1,15]. Ve milion w s i entifi  by sc entific na ys s as an 
ditiona igm nt p sent. 
T yes  i v stigat d i v ral a a : t e ey lash i s, the ey li  f , nd he
inne c r r. Th  yela  an  eyel d lines wer g erally traced ith a black r a diluted 
b n pigm nt, p ob bly f o g ni  o gi and pa tially f d . A second, darke  l ne c v
r d he fi t o  and w s ma e of carbon k a what lo ks lik organic brown pig-
m nt (F gur  2 );  th  l t r po traits, e sec d lin ppear to be pl ed only on the
yelash i  and ot on the ey li  fold (Figure 2b . The nly exception i  on E.1178-1988,
wh r e f rst n s r rac d with   materi l. Th  pr sence of ey lashes is shown
o ly  the portrait of an unk wn woma  (P.8-1945), wher dot are ainted o the 
lower eyel sh lin  (Fig re 2b). 
H ll rd wr te th t t e outl nes f t f c al fe t es hou d b d aw  b a fine pencil
(to b  underst od a  a b s ) with  f int rose colour m de of  lake [15]; thi  probably 
corresp nds to t br wn lin s of orga c origin en during t e analyses.  
The eyes’ inner corn r, whe  visible, is painted with a red material, the composition 
of which varies for each miniature.  
Table 3. Miniat res by Nicholas Hi liar  which have un ergone technical and scientific examina-














































 whit       
Vermilion        
Hematite         
Red lead         
Lead tin yellow I        
Azurite
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obj cts that he pa nted n Fr nce P. 54-1910, P.155-1910) d a portr i  of an nkno
m n (E.1177-1988) s u d i  this article. It is c ar ter s  by hig l nd fully
modelle  lesh ton s, achi v  by applyi g many layer  of p nt. T an yses s o e  a
ad hite an  ca bon black m t ix s at re  w  pigm t p r ic e , t pi ally hema
it  and mil on. This s also in cc nc th fin gs a po rait f Henri III,
recently disc vered an  as oci  to Hill a d’s w k i  F a [20]. In h econ roup
of objects, corr sp n ing to his sty stic change duri g h 1580s,  fl sh t nes appe
pal , ith prefer n e f r re  l ad as t e main compo nt , althoug  the us  of red
lakes, now f de , ca n t be ruled ou . Ye l w pigm n s, suc a  lea  tin y llow and go -
t , were lso identified, seldom mix d i  azuri e.  
The res lts are de cribe  in T ble 3 and orr bo t w  Hi li r des r bed in hi
tre tise. Lea  whit  and re lead wer  de the m e i ls h comm n ed to u  f
the c r tion; in the c e f a pal  compl x o  th us f the r d co po nt, s m im
mix d wi h a small am unt of s ic te (  r th t at thi  p r d sh uld be und rs oo
as l  tin llow [21,22]), was reduce , wh as f r warthy , masticote and chres
should b add d [15]. S ilar mixt re  are a o es ribed y N rg te, althoug he d e
n  mention t e us  of mastic te [1]. Add ion y, sci ntifi ana yses r ve e  h  pr s
of vermilio , which was discour ged by Hilli d and N rgat i  thei  tr at se bu
consistently emplo d in th  f s t n n lys d.  
T e volume of the m ut w built up st rti  ith tw short br w  li  pai t
t he c rn s (Figure 1); vermili  e m in p gme us  for th  du i g th  Fr nc
period, hereas fr m th  1580s, pink lak s and red l ad e eferr . T separation l n
betwee upper d l r lip co si ted f r ake. Th s  r sults confirmed wh t w s
wr tten by Hilli rd and N rg t , as the m t r s o b  us fo he outh er  ak , r
lea , and a white pigme t [1,15]. V m io  was i ti by sci tific n lys s as an
addi ional pigm nt pr ent.  
T e eyes were i v stigated i  v al areas: th e elash li es, th  ey f ld, and
inn  cor er. Th e elash a d yeli li es were g erally ac d with a l ck or  diluted
brown me t, pr b bl  of o ganic origin par ia ly fad d. A s c d, darke li e cov-
r d t first one nd w s mad  of carb n black a d what lo ks ik  rg nic b o n pig-
ments (F gure 2 ); on the at r po traits, the sec d l n pp ars to be appl o ly on the
eye ash n nd no on eye d f ld (Fig r 2b). T ly xceptio i  on E.1 78-1988,
wh re h  first lines ar  trac d ith  red m ter l. T e p senc f ey a h s sh wn
only o the po t ai  f an unk ow  wom  (P.8-1945), w re do  re painted n e
owe eyel sh li e (F gur  2b .
Hilliard wrote that the ou lines f the facial features should b  drawn by a fine p ncil 
(t  be under to d as a brus ) with a fain ros  col ur mad of  l k  [15]; th s pr bably
corresponds to the b o n lines of organic orig n een during the analyses. 
Th  eyes’ inner corner, when visible, is painted with  red material, the composition 
of which varies for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have ndergone technic l and scientific examina-














































 L ad white     
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
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objec s that he pai t  i  Fr ce (P. 54-19 0, P.155-1910) an p r r it f a unknown 
man (E.1177-1988) udied  s tic e. It is char t ris d b  highly ork d and fully 
modell d lesh to es, ach ve by pplying ma y laye of p int. T e analyses s o e  
lea whit  nd carb n bl ck matrix scat e e  w pigm t p rtic , yp cally hema-
tit  an  vermil o . Thi  als  in a c r nc wi  t fin s o a por rait f H ri III
rec ntly scover  an  sso iat t  Hill a ’s w rk i  Fr nce [20]. I he second roup
of objects, c r spon ing to hi  tylis c hang du ing t e 1580s, th fl sh to es appear 
pal , wit   pre er c f r re  ea as th main r d co p ts, alt o g  the us  of red 
l kes, ow fade , a n t b  ruled o . Yell w pigments, such as lead tin y l ow and goe-
t i , were so identified, seldo mix  zu .  
Th  res lts re sc b d n Tabl 3 d rob  Hi liard cr bed in his 
trea ise. Le d whi  an  r  d w r nde d th  m t ls h  r c m nd d t  use f
the carn tion; in the cas f a pa e c mp xi  th  use of h d co ponent, metimes
xed wit  a s l a ount of mastic te (a rm t at th s per d should b un r tood 
as lead tin yell w [21,22]), w s r duc , wh r  o  sw rth  ne, masticot and oc res 
shoul  be ad d [15]. S i ar x r  are als s ribe  by N rg t , ltho gh e d es
 mention the us  of masticote [1]. A d ion y, sci ific a al s ve ed th  pr sence
of vermili , which wa di coura  by H lliar d Norg e  th i  r atise but was
sist tly emplo d i t  fl sh t n s n ysed.   
The volu e of th  mouth s buil up t rt g th two h rt brow  li es paint d
t th  c rn rs (Figu  1); vermilion s he m n p gm t used fo  th  lip  ring h  Fr ch
eriod, h r s from h  1580s, pi k s red l ad ar  referr . T s paration lin
betwe n upper n  low r i  co s sted f r ak . Th  sul s confirm d was 
wr ten by Hilli rd and Nor e, s th mat r s o be us d fo the mouth wer  lak , red 
lead, and a whit  pigment [1,15]. V milio  was ident fi by sc tific n lys s as an 
add tional pigm nt p t.  
The eyes wer i vestigated in s ve l areas: th e elas li , the ey i f d, an  the 
n  c r r. The ey las d yeli  l n s w re ener lly traced with a bl k or  iluted 
br w  igm t, prob bly f ga ic rigin d p r i l y fa ed. A s c nd, da k  li c v-
ered the first on  a d w s mad  of carbo b ac nd what looks ik  rganic brown pig-
ments (Figure 2 ); on t  a o tr i , t econd li  pp rs to be appl o ly on th  
eyelash line nd n t on t  ye id f ld (Fig r  2b . Th l excepti is o  E.1 78-1988, 
w r  he irst li es r tr ced w a d m r al. Th  p sence of yela h s s shown 
o ly on the port ait of a  unkn w  wom n (P.8-1945), w r d s ar  pain ed o e
lo r yel sh l e (F gur 2b).
H lliard wrote that e ou li f acial f atur s should be dra n y a fine p nci  
(to b  understood as a brus ) with a fai t ros  col ur mad  of  lak  [15]; th s probably 
corresponds to the brown lines of orga ic origi  ee du ing analyses. 
Th eyes’ ner corner, w en v sible, is painted with a red material, the composition 
of which vari s for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone tech ical and scientific examina-














































 Lead white         
Vermi ion      
Hematite        
Red lead       
Lead tin yellow I       
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o j cts that e p i ted n Fran  (P 154-1910, P.155-1910) a d a ortr it f u k own
n (E.1177-1988) die  his rtic . I i har ct by hig ly work d nd fully
mo el d fl s to e , i v  by a plying m y lay rs of paint. The lyses sh w d a
l d whi and carbo bl ck a r x sc t re re pi ment particles, typi ally hema-
tit  nd v rmi i n. Th s s al in acc r an e w h th  findi gs  a portrait f H n i III,
rec ntl  d s ver  n  ssoc t Hill ard’ wo k in France [20]. In the second group
f objects, corr p ding o hi t listic ang u i t  1580s, th flesh t e  app ar
pal , ith pr ferenc  f r lead s e mai  mp nent , al hough the use of red 
lakes, f , cannot b r l t. Yell w pigm t , suc  as e d tin y llow n  g e-
it , r so ntif e , ld ixed with az r t . 
re ults re de c b d i  T bl 3 c r borate w Hilliar  described in hi
r ati . L d w it and r d lead w  i d ial h  reco m ed t  e fo
he c rn ion; i the c s  o a p l c mp xion  us of the d component, so etim
xed wit  ll am unt of as ote (a term h t t thi  pe i  should be u erstood
ti  yellow [21,22]), s d c , wh re f r a sw hy e, ma icot an ochr
s ould b  add  [15]. Si ila  m x es a  a s ib d by Norgate, lthoug  h  doe
t m n the u f mas cote [1] Ad i ionally, sc fic analy s r veal d th p es ce
of vermi ion, hi h wa isc u ged by H i n Norga e in th ir treat ses but was
consi e tly e pl y d i t e f esh ones a alys .  
T  vol me of t  m ut  was built up starti g w th w s o t brown lin s pa nt d
t he cor r (Figure 1); vermili n  the m pi m t u for t e lip  du ing th  F nch
p r od, wh r s from he 1580s, pink lak s n  r le d a  p f rred. Th  p r tion li e
b t  upper nd ow r i  co i ted f a e  lak . Th results conf rmed w t w s
written by Hillia d nd No ga , s th  ma i ls to b us fo t  mout  were lak , red
l , a d whit igm  [1,15]. Vermi ion s ide tif d by sc ntific na ys s as an
d t onal ig t pr t. 
Th ey s w r i ve tig t d  veral s: t e e sh li es, t e ey lid f l , and he
nne c r er. Th ey la a d y l d n s were ge erally raced ith a black r a ilut  
b o n pi m nt, p b bly o o gani o igi an partially f d . A s cond, darke  li e cov
r d t e fi t one and w made of carbon bla k n wh  lo ks lik orga ic brown pig-
m t (F gure 2 );  th  lat r o tr ts, e s cond in pp ar to be ppli d nly on the
eye ash n and o the ye id fold (Figur  2b). The o  xception is on E.1178-1988,
where the first i s tr c w h r d m terial. T e p ence of ey ash s is shown
only n th  po trai  f an unknow  wom  (P.8-1945), wher dot re inted o the
o r ey lash lin (Figure 2b . 
H l ard wr te th t t e t nes f th f ci l fe t es shoul be w  b  fine pencil
(to be under to d a  a b sh) wit  a fain  ros lour de of a lake [15]; this pr bably
corr sponds t  t e b wn lines of or a c origin en during the analyses.  
The eyes’ inner corner, wh n visible, is painted with a red material, the composition 
of which varies for each miniature.  
Tab e 3. Min tur s by Nicholas Hilliard which h ve un ergon  tech ical and scientific examina-














































 Lead w ite        
Vermi ion      
Hematite        
Red lead         
Lead tin yellow I       
Indigo
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bj cts that he p int  n Fr nce P. 54-1910, P.155-1910) d a por ra t f n u k o
an (E.1177-1988) studi d in his ticle. It i  har teris by hi ly d n  ully
e led flesh ton s, ach v  by plyi  y layer  of i . Th  anal ses s o e  
ea  whit n  carbon black atrix scatt ed r d pigme t partic , pically hem
ite an  v r ilio . Thi  also i a c r a c  th fi gs n a ortrait f H n i III,
rec ntly discovered  assoc d t Hil ard’s w k Fra c [20]. In he co  roup
f objec s, cor spo d ng to his st l stic chang  uring th 1580s, t flesh tone ppe
pal , with a pr e  for r  l  as  m in comp n n , t g  he us  of re  
lak s, now f ded, an t b r l o t. Y ll w pigm n s, u h lea tin y l w and go -
ite, w re also iden fied, s ldom  az .  
Th  r ults r de c ib n T b 3 a d corrobo  wh t Hilli es ribed in hi
rea ise. Le it and red l a wer de d m ls r co n e to  f
t e carna ion;  the case f a pale c pl x  s f t e red co pon t, som im
mixed h a small am unt f mas i ot  (a erm at at t  p ri d sh uld b u r oo
s lea ti  yell w [21,22]), was reduc d, wh as r war y , mastico nd oc r
shoul  be add d [15]. Similar m xt re  a al  escrib d y N rgat , ltho g he es
n  m ti n th  us of mast c te [1]. Ad itiona y, sc t f an lyses ve d h  res nc
of vermi on, which was discouraged b  H l r  an  Norga in i tr tises bu  
nsiste tly e pl y d in t  fl sh t s a alys d.  
The volu e of th  m uth s bu lt up starti  with tw rt brown li  paint
t the co (Figure 1); ve milio is t   gm nt f r t  lips uring th  Fr nch
p iod, wh r s from th  1580s, p nk lak d red l ad ar  ferre . Th s pa tion lin
et e  u p r a d l w r lip c ns t d f lak . Th r sults conf d w t w s
written by Hilliard a d N rg t , a  th mat ials to  us f r t e uth er  ak , 
lea ,  a w i pigm  [1,15]. V m li as i if y sc ntific alys s s n
addi ional pigm t pr s nt.  
T e yes w  inv s ig ed i  s v al ar : th e l sh i es, th i f d, a he
i n  cor . The eyelas  d eyel d l es we g ally ac d w t  l k  a dilu ed 
b own pigme t, p obably f ganic o igi d par ially f ded. A s c d, darke l e c v
er d the fi t one and was ma of carb b k and wh t looks k organic br n pig-
m nt  (F gur  2 );  t e la r po tr i s, he sec nd lin pp s to be a pl d o ly o
eyela h lin  and ot o  h  ye  f ld (F gur 2b . T e only xcepti n is n E.1 78-1988,
wh re th fi st li s are trac d with  ma r l. The p es n  f ey a hes s sh w
nly on th  p rtrait f an unk own woma  (P.8-1945), her d s re pain ed n t e
l w r eyel h line (Figure 2b). 
Hilliard wrot  th t the outli s f t fac l feat s s ould b d wn by a fine p ncil
(to be unde stood as a brush) with a fain ros  col ur mad of  l k  [15]; thi  probably 
corresponds to th  br wn lines of orga ic origin en during t e analyses.  
The eyes’ inner corn r, whe  visible, is painted with  red material, the composition 
of which varies for each miniature.  
Table 3. Miniatur s by Nicholas Hilliard which have un ergone technic l and scientific examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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bj c s that e pai t   Fr e (P. 54-19 0, P. 5-1910) d a por r t f  known
an (E.1177-1988) u ed hi r icle. It i  h r cteri ed b  w k d an  fully
elled l sh tone , a hi v by applyi  a y layer f p n . T  a yses sho ed  
lead hi  nd carbon bl ck rix s att e red pigm nt rtic e , ypically hema-
tite an  mil n. Thi   also in cor c wit t  fi gs n a po trait f H i III
rec ntly disc vered an  oc a t  Hil a ’s w k i  Fr c [20]. I h seco d roup
f obje s, c r sp ing to hi  t istic chang du i g the 1580s e flesh tone  app ar
pal , with a pr fer  f r re  l ad s m n d n nt , lt ough us of red 
lakes, no faded, ca n t b r l o . Y ll w pigmen s, such as le d tin ye l w and goe-
t it , w re lso ident fied, ld   z ri .
T r ults r sc be   T b 3 and robo Hi lia d cribed in his
reatis . Le  whit  an  r l a w r ed m e ls r c m e to u  f
the c rn io ; i th  c e f a p  mpl x  se f e r d co po ent m times
mixed ith a s all am unt f a ot (  r h t t th s pe d s uld b  u rstoo
a  tin yellow [21,22]), was reduc , wh re  f r a sw r e, ma tico nd chr
shoul  b add [15]. S ila  xt  a als sc i d by N rg t , lthough  does
n  menti n t e us  f mast c t [1]. Add ti n l y, sci n ific a a s e l d th  r sence
of ve mi o , which as discour g d by H li r  a N rg t  ei tr atise but was
c sist ntly pl yed n t e fl s ton ys .  
Th  volume of th  m ut as buil up st rt g ith tw rt br wn lin s pa nt
at th  c rn (Figur  1); verm lion i  t  m n p gm n  us d or th  lips during h  Fr c
p d, h r s from he 1580 , pi k ak s red l d ar  p ferr d. T e p ration line
betw en u per d l  lip co s st d f  ake. Th  sul s co fi m d a  w s
wr tte  by Hilli rd and Norga e, s th m r ls o be us d fo he mouth r  l k , red
lea , a d a w i e igme  [1,15]. V r lio w s i ent f d y sc tific ys s s n 
additio a igm nt pr s t.  
The ey s w r  i v stiga ed i  v al are s: t las li , he ey i f d, a he
i n r corn . Th  yelas  d yel s er g n r lly traced w  bla k or iluted 
b own igm t, p obabl  of o ganic ig  p rti ly f ed. A s cond, da k  lin cov
er th fir t on  a d was made of carb b a  nd what lo ks lik rg ic brown pig-
m t (F gure 2 ); o  portr i , h seco d lin app r  o be ppl d o ly on th
eyelash lin a d ot o  t  yelid f ld (F g r  2b). The ly xcep i is on E.1178-1988,
w r he fi st lines r  traced it   d ma ial. Th  pr s n  of ey la h s shown
o ly n the port i  of an unknown woman (P.8-1945), her d t ar  in ed o  the
lowe  eyelash l ne (F gur 2b).
Hilliard wr te th t e outl n of acial feat s s o ld be drawn by a fine p ncil
(t b  unde sto d as a br s ) with a faint rose colour made of lake [15]; th s probably 
corresponds to the b n lines of orga ic origi  s e during the analyses. 
Th eyes’ inner corner, w en v sible, is painted with a red material, the composition 
of which vari s for each miniature.  
Table 3. Miniatur s by Nicholas Hilliard which have n ergone tech ical and scientific examina-
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Vermilion       
Hematite        
Red lead       
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bj s that h pa t  n F ce ( . 4- , P. 5-1910) n a p it f a  nknow  
an (E.1177-1988) tu i  s r ic e. It h te is d by i hl ed a d ful y 
modell  flesh t ne , c v d by ppl i g ma y l y  of p nt. Th  an y es howed 
l ad hi e nd carb black t x s att  w t  r d pigme t rticl s, ypic lly hema-
tite an  m lion. Thi s als i cor nce wi the f n i s n a p tr it of He ri II, 
ec tly isc v red and o ia t Hil iar ’s w k i  Franc  [20]. I second group 
f bjects, cor sp n ing h sty ist c ang duri g t  1580s flesh tone app ar 
pal , wit  p ef e c f r ed as t e a n comp ne ts, alth ugh the u  f red
l k s, now fad , cann t b ru d . Y llow pigme ts, su  s le d in y l ow and go -
t i , w re l  i ent f e , l o m x w th zu it .  
The r ults sc ibe  T bl 3 a  c rrob w t Hillia d crib  in his
tre tise. Le d whi  an r ad were ed th  mat i ls h r co mend to us f  
the car tio ; in th  c  f p complexi th  us f the ed compo nt m imes 
mixed with a l a nt of m ticote (  r at t i  p r sh uld b  und ood
a  l  tin ye l [21,22]), w s reduced, wh reas for a w hy , masticote nd c res
s oul  b a d [15]. Sim ar ixt r s e al d sc ibe y N r t , lthoug he does 
o  me i n e us f mast c te [1]. A t on lly, ci fic ana y s v aled h  r s nce 
f ve mili n, whi h wa di c ura by Hilliard nd N rg t  t i r a is but was 
co ist ly mployed th  fle t e n l d.
The volume of th  m u s buil  u ta t h two h rt br w lin  paint
at th  c  (Fi u 1); ver ilion i t m pigm  used fo t lips ing th  Frenc  
riod, wh r s from th 1580s, pi k s an red l ad r  p f rr . T e s paration line 
betwe n upper a  l er i  co si ed of a r lake. The  result  co f rmed hat was 
wri ten by Hilliard d Nor a e, h terials o b  us fo  he mou h were l k , red 
l ad, and  white  [1,15]. V r lion w s i ntif ed by sc if c an lyses as n 
addition l pi m nt p nt.  
The ey  er  inv sti ted i v l ar s: h  li es, h  e e i f ld, and the 
n er c rn r. The e elas d ey lid s w re lly race  wi h l k r a luted 
br w pigme t, prob bl of r a ic orig n  rti y fa d. A s c d, darke  line c v-
ered th first o an  w s m  of carbo b k nd hat lo ks like org ic b o n pig-
ments (Figure 2 ); o e la trai , th con  li  app s b  appl ed only o  the 
yelash line nd n t on t ye d fold (Fi  2b). T  o exc pti is on E.1178-1988, 
w the irst li e  r c h  ed m l. Th  pr s nce f y a h is h wn 
o ly n the portr it f u k wom (P.8-1945), wh re d t  a  paint d on the 
lo e  yel sh l e (Figu  2b).
Hilliard wr te that the ou li s of th acial f tur  sho ld be dra n y a fine p nci  
(t b  understo d as a brus ) with a fai t ros  c lour made of a lake [15]; this prob bly 
corresponds o th b o n lin  of g nic o igi  se du ing analyses.  
Th eyes’ ner corner, when visible, is painted wi h a red material, the composition 
of c  vari s for eac miniature.  
Table 3. Miniature by Nicholas Hilliard which have ndergone tech ical and sc entific examina-














































 Lead white         
Vermilion       
Hematite        
Red lead       
Lead tin yellow I       
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o j c s th t he pai t d n Fra ce ( . 4- , P.155-1910) a portr it of a  unk wn 
m n (E.1177-1988) u   t s rtic e. It  r t rise  by highly ed and fully 
mod ll d fl s tone , a hi v  by p lying many l ye  of p int. The alyses sh w d 
l d whi d c rb n b ck mat x sc tt r  w t  r d pi me rticl s, ypic lly hema-
tite a  verm ion. Thi is als in cor a c w th the fin i s o  a p trai of Henri III, 
rec t y is ov r  and ss i t Hil iard’s w k in Franc [20]. I  he second group 
f bj cts, c r pondi g h ty ist c a g during t e 1580s, fl sh tones app ar 
pal , wit   p f re c for e  d as e comp n ts, al h ugh th  use of red 
l k s, no f d , cann t b ru e u . Y l w pigmen s, such as l d tin y l ow an go -
i , wer lso i ntifie , eldo m x i h zu te. 
Th  r ults r  scr be i  Tabl 3 a  c rr b r H lli rd d cribed i his
r a ise. Le d whit  an r d l ad w re n  th  ls h m nded o f
r tion; i he c p le compl xi n th  us f he r d co ponent, o tim s
mixed with a s ll a t of m st co e (  t at s p r  uld b  under o d
as lead tin ye l [21,22]), w s r duc , wh reas for w th e, masticot and oc res
hould be d ed [15]. S i ar ix r s ar  s cribe y N r ate, t oug  does 
men n th  us of masticote [1]. Addition lly, cie fic a ys r v d  p se ce 
f vermil n i h wa di c ur  by Hilliar  a Norg  th i reatis but as 
c sist ly employed h  f t e ana .  
The volum of t mou h w s b l up t r  h two s t brow  line p nt d 
a the c rner  (Figu 1); ve ilio is t m  pigm nt s fo he lip  d ing th  Fr c  
ri , wher s from h 1580 , p k s a d l ad r  p ef rred. The paration li  
b tw en u p r n  lo er  co si ted of a lak . T  sul s confirmed ha  w s 
wr ten by Hill ard nd Norg te, th  mater al to b  us fo th mouth wer  lake, re  
l a , and a wh e p gme t [1,15]. V rmili n was i ent f ed by ci tif c lyses as a  
addi ion l pigme t p t
The y er  i v stigat  i s ver r a : li s, t yeli f ld, nd the 
i er c n r. The eye sh y d  w re n l y t ac ith a l ck or a ilut
br wn igmen , p ob bl of g n c origi  nd p rtial y fa e . A s n , da k r lin cov-
re th first  a d w s m d f c rbo b c d ha  looks ike org ic br pig-
me s (F gu 2 ); n t l t r it t se n  li  p r t be appli d nl on the 
ye sh lin n  n th ye d fo d (Fi ure 2b) Th o l  excepti  is on E.1178-1988, 
w re the ir t l e  tr c  wi h  ed mater a . Th r c  ey a h is sh wn 
o ly  th portr it f a u k n w m (P.8-1945), wh re d t  are painted o the 
lo er y l sh l n  (F gur 2b).
Hilliard r te that the ou li es of t e acial f tur s hou be d n y  fine p nci  
(to b  under t od  brus ) wit a fain  r s  colour m de of a lake [15]; this probably 
cor esponds to t  brown l nes of orga c origi  s e du ing analyses.  
Th eyes’ ner corn r, when vis ble, is painted wi h a red material, the composition 
of which vari s for each mi iature.  
Table 3. Mini ture b  Ni ol s Hilliard w ich have undergone ech ical a d sc entific examina-














































 Lead w ite         
Vermilion       
Hematite       
Red lead       
Lead tin yellow I       
Ultramarine
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obj c s t t h p i i  F a ce (P 154-1910, P.155-1910) a d a port i of n unknown
n (E.1177-1988) s u i d i  t is rtic . I  is h r t by hi ly ork d a  fully
el e  l s  t ne , chi v  by ap lyin  a y l e s f p in . T analy es show d 
ad a  c b  l ck x sc tt r w r  p gm t par ic s, typi lly hem -
tit  and v rm l on. Th s i  al o accor nc  w th  fin ings on a portr i  of H ri III,
r c nt y dis ov r   s ia  to Hi i d’s w rk i  Fr nc  [20]. In t e second group
f bject , cor sp n g t  his tylistic ha g d ri g 1580s, the flesh t nes app ar
pale, i h p f c for e  l ad  the  r comp nen s, a though the us  f red
ak , n w f , ca t r l . Y ll w pigm n s, suc  s l ad in y ll w and go -
e, er l o i nt f d, sel om mix  h z t .  
The r sults r e crib d in Tabl 3 n  orr b r te w  Hi liard described in hi
r i . L whit an r ad w r n d h  ter al  r co m nded o f r
car io ; i the cas pale c mpl xio t us of the r d compon nt, som im
m x w th a s ll am unt f icote ( r  t t at i peri d should b  u der tood
a  e d ti  llow [21,22]), w s re uc , w as for a sw hy ne, mastico e and chre
ul  be ad [15]. S ila mix s a  o c ib d by Norgat , though he doe
 me n h u  of mastico [1]. Ad it onally, sci t fic nalyses ve ed t  r s e
f v r i ch was i c u ge by H lli d an  Norgat i i  treat s s but as
consi t n ly mplo d i t e f sh on s y .
The volum of t e m ut  w b ilt up t r i g wit  tw  ho t brow lin s p int
at he c r (Figur 1); v ilio  a n pigment d f r he lips duri g th  French
i d, h r s fro  h 1580 , pink s a  d lea a  pref rr d. The s paration line
b twee u p r d l r p c s d of   ak . T r sults conf med what w s
wr ten by H lli a d No gate, s th  mater s to b  u for the mouth ere l ke, r
l a , a  a wh n [1,15]. V i n was e ti ed y sc e if c a alyses as
d t o l p t pr t.  
T e ey s re i v stiga i sev ral r as: he e l s  lines, th e id fold, a d
i r c rn . Th eye s e el  wer rally ac d with  bla k r a dilu ed
bro n i m , p o b of g i rigi nd tial y fad d. A s c , dark r lin  cov-
r d i st on  w s ma of c rb b ck what l oks like orga ic brow  pig-
me s (F gur 2 ); n t a r p trait , t  ond lin  pp  t be applied onl  
y las i a  no eyeli fo d (Figur  2b). T  n  xception is on E.1178-1988,
wh re he irst lin s ar rac d with  d mat i l. Th  pr s nc eyelash s hown
only n th  p t ai  f an unkno w m (P.8-1945), wh re dots a  paint d n the
l r y l h li (F gur 2b .
Hilli rd rot  that th  lines of t f ci l feature sh uld be d awn y a fine pencil
(to be unde t od a a brush) with  f int ros lour made of a lake [15]; this pr bably
cor sponds to the brow  lines of organic orig n s en du ing analyses.  
Th  eyes’ nner corner, when visible, is painted with a red material, the composition 
of which varies for each mi iature.  
T ble 3. Mini tures by Nicholas Hilliard which have undergone technical and scientific examina-














































 L ad white    
V rmilion      
Hematite         
Red lead         
Lead tin yellow I        
Yellow lake
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obj cts that e p i te  in Fran P. 54-1910, P.155-1910) a or r it of nk ow  
m (E.1177-1988) s udie  in his ar icl . It is ch ter s b hig ly work d ful y
m d ll d flesh to s, c i ve by pplyi g ma y l y  paint. T  n lys wed  
ad w ite n  c b n bl ck m rix ca t e th r p g nt p r icl s, y ally h m
it  a d v rmilion. Thi  is al in c r nc h th f nd gs o a p trait f H n i III, 
r c ntly d scover  d ssocia t Hi ia d’s rk in F anc  [20]. In th sec n up
of objec s, c rr pond ng o his tyl stic h  dur t e 1580s, fl sh ne pp a  
pal , ith  pr fe n  for r  l a  a  the m i  e  o p n n , l he us  of re  
lakes, ow f , can t b r le  o t. Ye l w pig s, s  as ea  tin y ll w n g -
, w re s  d nt ie , s l om mixed th zur t . 
T  results re d cr b d  T l 3 n  c rr b a e wh t il iar  scribe  in hi  
tr ati e. L ad w it  and red l ad w i  i ls  co m n  t fo
t e c ti ; i the c s  f  pal  c p xi  t e u  f d compo nt so im
xe  w h a sm ll amount f a co  (a t rm th t t t is io  s ould b un tood 
as lea  ti  yell w [21,22]), a  duc , wher as f   war y , a co  chr  
sh uld e a ded [15]. Sim l r m x r  re a s esc ibed by N rg te, lthoug   d e
n t me tion the us f as icot  [1]. Ad i ion lly, ci fi  anal es eve ed h  p s nc  
f vermilio , which was isc uraged b  H l i N rg in th ir trea s s bu  
consist tly e ploy d in th  f sh t n s ly .
 volum  of t e mou as bu lt u st r g th ho br wn n  p i  
t he s (Figur 1); ve mili  i  t  pi n f th  li  u ing h  F nch 
p riod, wh reas from h  1580s, pink lak a d r d l ad ar  p eferr . Th sepa a io  lin
betwe  u per d lo r lip co s sted f  l ke. T  ult  c nfi med w t w s 
wr t n y Hilli rd and N ga e, h at ial  t be use f r h  ut  ere , r  
lea , a d a white pigment [1,15]. V i i  w s i e tifie  by sc ntific a lyses s a
add ional pigm t pre e t. 
T  ey s w i vesti at  i  s v al eas: he ey l s li s, h  ey id f l , a d  
inn  cor er. T y h nd eyelid s wer ge al y ac  ith  bl k r  lu e  
brow  pi m t, p obably f ganic rig  a i l y f d. A s d, darke li cov
r d t  fi t  a d  m e f c bo b k a  h t lo ks like org nic brown pig-
m nt (F gu  2a); on th  lat r p rt ai s, he s c  lin  pp s be app d nly o   
eyelas  in and o on the yeli  f ld (Figur  2b). T nly xcep o i  o  E.1178-1988, 
where t e first in s a trac d w th  d ma ri l. The p ence of y lashes is show
only on th  p trai  f an unknown m  (P.8-1945), where dot r  painted the
l w r eyel h line (Figure 2b . 
H lliard wrot  that the u li s of th  f ci l featu s sho ld be aw  b  a fine pencil
(to be unde tood a  a b ush) with a fain  ros colour m de of a l ke [15]; this pr bably
corresponds to t e brown lines of g c origin se n during the analyses.  
The eyes’ inner corner, when visible, is painted with  red material, the composition 
of which vari s for each miniature.  
Table 3. Miniatures by Nicholas Hilliard which have undergone technic l and scientific examina-














































 Lead white         
Vermi ion       
Hematite         
Red lead         
Lead tin yellow I        
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obj ts th t e p i  i  Fr ( . 4- , P.155-1910)   tr t f unk own
n (E.1 77-1988) tu i n t icl . It i cha t r by h wo ke  and fully
o ll d l sh t e , ac v d by plying m  laye f p i . T  a lys sh wed a
l a  whit  an  carb  bl ck trix catt red w t r  pig t ar icl s, y ally hema-
it  a d v rmili . Th also in a c a c  ith he fin in s n a p rait f H nri II,
r c n ly isc v red nd sociate  to Hi l r ’ work Fr c [20]. I e s nd group 
f bje ts, c rr spon ing o hi tyli c ch g ri 1580s, e fl sh t nes ppear
pal , ith  p n f r re  s in  n ts, alt ug u e of re  
l k s, no  fad d, n t b  ru  ou . Y l w pig ent ,  s l ad tin y l ow and g e-
hit , re ls  id ntified, s l  ix w h zu ite. 
T r ul s e d c be  i  T l 3 a  corrob at t Hilli d e crib d in hi
trea is . L d i  an r  l ad er  eed th  ls h  r comme t u e fo
the c rnation; i  c of pa e o pl xion t  u f h  ed com e t, som tim
mixe with a mal a nt of co ( erm  t t  p r  s o l b u d r ood
as e d tin yell w [21,22]), w  uc , wh s r a w r  n , tico an c r s
should be add [15]. Sim a  xt r a s c i e by N r , lt o gh  do
n t mention th  us f ast cot [1]. Addi i n lly, sci n if c an ys s v led th  pr s nc
of v rmili n, whi h a disc ur  by H i d a Norg  in h ir re t se   was
ist ntly pl y n th  f sh t es ana y .
Th  volu e f th  mou h w s bu l u  st rt g  two o t br wn li s pa nt
at  c r rs (Fi u e 1); ver l o  th mai  pigm us d o th ip ing  Fr c
p r od, wh r s fr m h 1580 , pi l k an r  l ad  f r . The p r ion line
twee  upp r  l w  i  c nsist  f  r d la e. Th  sul s co f m d wh  w s
ri ten by Hilliar a d No te, a the i l o b  use fo t e mou h w r  l k , r  
l ad, a d whi  p m t [1,15]. Ve mi i i n i  by sc e tif c n ys s s an
ad i iona igm  p t.  
Th  ey  w r  v stig ted i sev ral a e s: t ey l s li s, th  eyelid f l , nd th  
nne  c r r. Th  l  y lid l s e rally r ce w th  black r a dilute  
brow pi m t, p b bly f a ic orig  a d p rti l y fa d. A s nd, a k line c v-
r t e f r  o  nd w s ma of carbo  bl c  and what lo k l ke org nic brown pig-
ments (Fig r  2a);  th r o t ai s, con l  pp  t b pp d n  on t e
y l sh i d n yeli fold (Fig re 2 . T e only xc  i  E.1178-1988,
wh r  the fi st ines r t c  w  re  mat a . The p sen e of lash s is shown 
only on the p trai f u kn w  w m (P.8-1945), wher d ts are in ed o  the
lower eyelas  l e (Figu 2b .
Hilliard w te that t e outl es f the f cial f atur s should be dra  b  a fine p nci  
(to be unde tood as a b sh) wit  a faint ros c lour made of  lake [15]; this pr b bly
corresponds to th  brown lin  of organic o igi  seen during the analyses.  
The eyes’ inner corner, when visible, is painted wi h a red material, the composition 
of ich vari s for each miniature.  
Tabl  3. Miniature by Nicholas Hilliard which have undergone technical and sc entific examina-














































 Lead white         
Vermilion         
Hematite         
Red lead         
Lead tin yellow I        
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j s th t e p d in F a c  (P.154-19 0, P.155-1910) d  por t f unk wn
(E.1177-1988) u i d i  thi  i . I i h a t s d by h  wo ked a d f lly
o le  flesh t n , h v  y a plying ma y lay s f p in . Th  aly e  sho d a
l  w i  nd car b ck m tr x c tt r  w th r  pi en r icl s, typi lly hema-
it  an  verm i . Th lso i  r  wi h he fi i s o  a p tr it f He ri III,
rec tly di v r   o i  Hilliar ’s w rk Fr ce [20]. I  e seco gr up
f bj ts, corr s o i g to h  tylistic hang  duri g t 1580s, t e fl s  t es app a  
pal , ith  pre e en  for r  l a   he m in d n nts, al h ug us  f re  
lakes, now fad , a no b ru  . Ye lo  pi m nts,  s l ad i y llow and go -
i , ls  i ntif e , el om mix  wi zu .  
T r lts re d cribe  in T bl 3 n  co rob w  H lli d d scribed in hi
tre ise. L ad hit  n  r  l ad w r  n e th  t als he mmend d t u e f r
 rnatio ; in he c s of p l  o plexion the u of he red c p n t, om im
mixed with a ll m u t of t co  (   h  at t s r d ul  und rs o d
as l  ti  yellow [21,22]), w  ed c , h r s or s y on , mastico and c res
s oul  be dded [15]. Sim l  mixt  r  sc ib d by Norgat , altho gh  do
n  e ion h  us of ast cot [1]. Addi on lly, sci nt fic a ly rev led the ce 
f v rmil o , whi h a  di c ur d by H li d n  Norg e n t ir treat s  but w s
st ly mpl y d   f s tone  naly d.
Th  volu  of th mou h w s bu l  u st ng th two s rt br wn li s pa nted
a he co ers (Fi ur 1); v lio th m p gm t s d o  lip  u ing th Fr nch
p r od, wher s f om the 1580 , p nk l   d a  r p f rr d. Th  para ion li
betw  u p r and low  lip c nsi d of re  l k . Th  sults co f me h  w s
writ  by Hi l rd a d N g ,  th ma i l   be us  for h mout w r  l k , red 
l a , a d  wh  [1,15]. V i i n s i e tifi d by cien if c aly s s n
ddi ion  pigm t pr t.  
Th  y s w re i v stig t d i  ver  ar : s li s, t e e li  fold, a d th  
in  c r. T y las nd ye id i s ge e al y r c d w th a bla k or a ilute  
row pi m nt, p b bl  f a c orig nd p rti lly fa d. A se nd, d rk line cov-
r t e f rst o an w s ma e f carbo bla k nd wha looks like org ic brown pig-
m s (Figu  2 ); the t p r it h  s c n  r  t b pp nly o  the
y l sh  d  h  ye i fold (Fi  2b . The y xcept i  n E.1178-1988,
w r t  fi st li es r c d w h a ed material. Th e f ye a h s is hown 
o ly o the po trai  of u kn w (P.8-1945), wh r  dots a  p int d on the
lower ey lash l  (Figu 2b .
Hilliard wrote that the outlin s f t e acial f tur hou be dr wn by  fine pencil 
(to b  unde tood s  brus ) wit  a fain  r se colour made of  lake [15]; this pr bably
cor esponds o the brown l nes of organ c origin see during the analyses.  
Th eyes’ i ner corn r, when vis ble, is painted with a red material, the composition 
of ic  vari s for eac miniature.  
Table 3. Miniatures b  Ni ol s Hilliard w ich have undergone ech ical a d scientific examina-
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Vermilion       
Hematite       
Red lead       
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bj cts that p i t  n F c ( 4- , P.155-1910) d a port i f n unknown
 (E.1177-1988) st i d i t s r icl . It i r te sed by h  work d an  f lly
e led fl sh to s, h ve y pplyi  a y l y rs f p in . T  alys s sho ed a
 i d ca b  ck trix s tt r t  igm t ar icles, typic lly hem
ite n  v rm li . Th  also in acc r c w th the f ndi gs o  a portrait of H n i III,
c tly dis v r a  oc at d t  Hi i r ’ wo k i Fr nc  [20]. In t  ec  group
f obje t , cor sp n ng o hi stylis i ha g  u i g 1580s, th flesh t e appea
pal , wit   p f f  l d as  i r  compon t , a thoug  the us  f red
l k s, n w f , ca r  . Y ll w pigm , su  as lead ti  y ll w and g -
, r  al  i nt f , ldom mix ith azurite. 
r ults r d sc ib d i  Tabl 3 an  co r t  w at H lli rd d crib d in hi
r i e. L a whit and r d l ad w r e d  r l  e r co m n ed to u for
ion; i t c s  o p l  c m l xio  h  us  f t e red co p n nt, som im
x d w h sm ll am nt f m i o e ( m th t t i  peri d s ul  u er tood
l d in llo [21,22]), s re c , w r  for  s hy ne, mastico and c r
ld b  d d [15]. Si ila ixt s ls  sc ib by N r t , thoug he do s
o  e i n th  u e f mas co e [1]. Ad i ion lly, sci t fic n ly v al d t  pres
f verm on, which was di cou e by H li an Norga  in ir reatise  b
c ns s ly pl d  the fl h o  n y .  
T vol e f t m u w s built up st ti g w h tw rt br w  li  p int
t th o n (Figur 1); v mil i he i  pi ment d r t e ip  duri g th French
pe d, whe e s f m h 1580s, pink lak   d l d a  p f rr . Th s paration lin
b tw  u p r d l r  c st     ak . Th r sults co fi me  what was
wri t by Hilliard d N g te,  th  ma eri ls to b  use for he mouth ere ak , r
l a , a   h  p m n [1,15]. Ve lio  was ti y c en if c analys s as an
a di io l pig nt p t.  
T y  w r inv stiga e ver l ar : e s  lines, th  e i fold, a d
i e  corne . T  y sh  ey l d l  w r ge ral y ac d with  bl ck or a dilu ed
b o igm , p ob bly o o g n c o g d rti lly f . A s , dark  line cov
r th  st n n  w s ma f carb n b k nd what lo ks lik orga ic rown pig-
me  (F gu e 2 ); n t la r po tr its, th  co d i pp t  be ppli d onl   
ey lash i  h yel f ld (F u  2b). Th  on  excep io  is on E.1178-1988,
w re he fi st n s r  tr c with  ed m teri . T  pr c  f ey lash s hown
only o th p rtrait f an unk n wom (P.8-1945), wh re dots  paint d n the
l er eyel h l e (Figur  2b).
H ll ard wr t  th t the ou li es of t e faci l fe t sh uld be d awn by a fine pencil
(to b unde sto d  b ush) with a faint r s lour ade of a lake [15]; this probably 
cor sponds  th br wn l nes of organ c origi  s en during the analyses.  
Th eyes’ i ner corner, wh n vis ble, is painted wi h a red material, the composition 
of whic  varies for eac mi iature.  
Tab  3. Min atur by Ni ol s Hilliard which have un ergone echnical a d sc entific examina-














































 L ad white   
V rmilion      
Hematite       
Red lead         
Lead tin yellow I       
Massicot
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objects that e p t  n Fr n (P. 54-1910, P.155-1910) a d a p rtrait f k w
man (E.1177-1988) udi d i  thi  ic . It is h a eri d b  hi l d  fully
m e l  fl sh to , a hiev by a plyi  y lay r f p n . T  yse  s ow d 
l ad ite n  c b n bl ck a x t red w t  r  pi e t par icl s, ypic lly he -
tite and mi ion. T s s al in a c a c  w h t  fi d ngs  a p trait f H i III
r c ntly sc ver a d s ci o Hil rd’s rk Fr nc  [20]. In th con  gro  
of objects, corr sp n ng o his tylistic h g  du i h 1580s, flesh t es app ar
pal , ith pr e c f r r l t  in o p ne s, al  he us  o  r  
l kes, o f ded, can t b r l t. Y l ow pigme s, h ea tin y ll w an  g -
te, w re s  ent fi d, ldom xed with zurit .
Th  r ul s re d c ibe  i T b  3 nd o b w  Hilli e cribed in hi
tr tis . L a  whi  a d re l d w  d  the m i ls  ec m t u  f
t c tion; n the c s f p  c pl xion th  u f  d co p t, m tim
x d w t  a s l  m unt f m s cote (  r  t t t i  p ri d h ld be u e o  
as l  ti  ll w [21,22]),  duce , wh r f a w y n , a ico and oc
sh uld b a d [15]. Si l r mix re  a  also crib d y N r t , lthoug  h  does 
 mention e u f mas icot [1]. A d tion lly, sc en f c a l e  ev l d he p s
f v rmi , whi  wa  isc u ag d by H lli  N rga i i reatis  ut was 
nsiste tly e ployed in t  fl s  ton y .  
Th volum of the m uth bu lt u s r w h t ho t b wn i  p nt
t t  co s (Figur  1); v ili n i  t  i  pi m n f r the lip  du i  th  F nc
p io , h r as f om h  1580s, p k ak  d l ad r  r f r . Th  ion li
betw  u per d low r lip c s t d of l k . Th e esults c fi d w  w s
wr t n y Hillia d a d N r a , s th ma i l  b  us f r  mout  r , r
lead, d a wh e pigme t [1,15]. V m lio s id nti  y sc ntific a ys s s a
add tional igm t pr s t.  
T y s we i v stig  i  v l a :  ey l s i s, t  y i f d,
i er cor . T e  y lid s w g al y aced ith l ck r  ilu e
br wn pigm t, p bably f c ri  p t ly fad d. A s c nd, d rker l c v-
r d th fi  e d s ma f ca b bl ck n wh  lo k  ik g ic br  pig-
m nts (Figu e 2 );  t e a r port i s, h c nd lin  appe  to b  pp d nly n 
eyelash ne and no o  y l  f ld (Figur 2 ). Th  ly xcept on is  E.1178-1988,
wh re the first lin s e traced w   red m t i l. T e p s n  f eye ash s sh wn
only on th  p rtrait f an unk ow w man (P.8-1945), wher d ts r  in ed n the
l w  eyela h l e (Figur  2b).
H lliard wr t that e u l of fac l fe tures hou b wn by fine pencil
(t  b  unde sto d a  a br s ) wit  a fain rose colour made of a lak  [15]; th  probably 
corresponds to th  b o n lines of orga ic origi  een during t e analyses. 
Th  eyes’ inner corn r, whe  v sible, is painted with a red material, the composition 
of which varies for each miniature. 
Table 3. Miniatur s b  Nicholas Hilliard w ich have ndergone technical and scientific examina-
tion. Greyed-out cells indicate that no analysis was carried out. 













































 L ad w ite     
V rmi ion     
Hematite         
Red lead         
Lead tin yellow I        
Lead tin yellow I
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o elled l sh to , ach v by plyi g m y l y f p int. T  ly  sh w d
a hi   ca n bl ck matr x c tt re t r pig t r ic s, typically a
it  an  v rmil o . This al  i c r c  w  t fi gs o  a p tr it f H i III
ec ntly d scov r  a  s oc t  H lli d’ w k Fr c  [20]. I  h c  gro p
of objec , cor pon i g to his ty istic h ng  u i  he 1580 fl sh t e pp
al , with a pr er n e fo  re  l a  a th  in  co p nts, alt o gh the u  o  r  
lak s, ow f d , a n t b r l o . Y llow pigm n s, h s l  tin y l w a  go -
t t , w r so i ntifie , ld m ix i  azu t .  
T  r s l s r de c be  T b 3  rr b rat  wh i i  d c ibed i hi  
r tis . L w it  an  r  l d wer  i als  r co m n    f
t e ca io ; i t  cas a pl xio  t e u f he d co p ne t, o ime
x d wi  a sm ll amount of mas ote (a ter  th t a t is p  shou d be u sto  
 le ti  ll w [21,22]), was duc d, wh r  o  a wa y e, ma tic t n  oc
sho ld b add [15]. S l r m x e  ar  o sc ib  by Norgat , ltho g  h  do s
 m n i  u  f mast c te [1]. A di on lly, sci ific a y e eve d the r
of ve mil ich as disc u ag d by Hil ia d Norgat  i  th i t atis  bu  
sist tly pl d in t  fl s ton s d.
The v lu e of t  m ut  bu lt u st r i g th s o t b own i  pa t
t th  c r r  (Fig r 1); v r ili   t  m i pi m n us f  the ip  u i  th  Fr nc
p ri , h s fro  t e 1580s, pi k ak s an  r  l d re fe r . Th  s i n lin
b tw n upp n  low r lip co ed of ak . Th  sult  c f med w t w s
wr tt n by Hilli d a d N gat , th mat r l  o be u  f th  uth w r  ke, r
l a , a d a whit  [1,15]. Ve m li  s i nti  by sc tific lyses s  
add iona pigm nt pr ent.  
T ey s w r inv stig t i  s v l a e s: h  el s lin s, th ey f l , n
in e  cor er. The yela h  y li  lin s lly t c d i  a bl k or  dilu e
b ow  igm nt, p b bl f   p t l y fad . A s n , d rke li c v
er th fir t one nd s mad  of ca b n b a k  hat looks ik org ic r w p g-
m t  (F gu e 2 ); n  at port ai s, s co d li pp rs  e app d only on the
eyelash  and o on yeli  fo d (F gur  2b . T n y except on is  E.1178-1988,
w re he fi st ines ar rac d w t   r d m te i l. Th p sen  ey lash is shown
only n the port it f an unkn w ma  (P.8-1945), wher  dot r  pain ed the
low r eyel sh li (F gur 2b).
H lliard wrote th t the ou line  f f cial feat es should be d aw  b a fine pencil
(to be understood as a b us ) with a faint rose colour m de of  lake [15]; th s probably 
corr sponds to t e br wn lines of orga c origin s en during the analyses.  
The eyes’ inner corner, wh  visible, is painted with a red material, the composition 
of which varies for each miniature. 
Tabl  3. Miniatur s by Nicholas Hi liard which have un ergone technical and scientific examina-














































 L ad white     
V rmi ion     
Hematite         
Red lead         
Lead tin yellow I        
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Table 6. Yellow and orange preparation under the gilding and green areas analysed on selected 




























































Orpiment           
Lead tin yellow I           
Lead tin y llo  I + As sulfide 
and red lead  





As sulfide (intermediate phase)           
Lead tin yell w I          
Red lea             
Goet ite           





Brochantite         
Azurite           
Indigo            
l arine            
Yellow lake           
Massicot           
Lead tin yellow I           
 
Figure 9. (a) Example of a green area on Oliver’s FM 3902, the white square indicates the spot ana-
lysed by Raman; (b) examples of the orange and yellow areas under the gilding, as well as a green 
area on Hilliard’s P.155-1910; (c) example of the orange preparation under the gilding in Oliver’s 
FM 3902; (d) Raman spectra collected on the green areas of both Oliver and Hilliard’s objects, show-
ing the presence of brochantite and carbon black; (e) Raman spectra on the yellow area of P.155-
Figure 9. (a) Example of a green area on Oliver’s FM 3902, the white square indicates the spot
analysed by Raman; (b) examples of the orange and yellow areas under the gilding, as ell as a green
area on Hilliard’s P.155-1910; (c) example of the orange pre aration u der the gilding in Oliver’s FM
3902; (d) Raman spectra ollected on the gr en areas of b th Oliver and Hilliard’s objects, showing
the presence of brochantite and carbon black; (e) Raman spectra on the yellow area of P.155-1910,
where lead tin yellow type I is found, and on the orange ones, showing the presence in both cases of
an arsenic sulfide (an intermediate phase between realgar and pararealgar).
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In their treatises, Hilliard and Norgate condemned the use of orpiment as ill-smelling
and toxic, and they suggest English ochre (yellow ochre) to be employed as preparation
under the gilding. However, scientific analysis on Hilliard’s objects detected arsenic
sulfides often used to obtain the yellow and orange layers laid under gold. Ochres seem to
be preferred by Oliver instead.
Green details on the clothing and caps can contain green pigments or a mixture of
yellow and blue ones. The only green compound identified in objects by both artists was
the copper sulfate brochantite (Cu4SO4(OH)6) (Figure 9). This pigment has been identified
on 16th- [28] and 17th-century objects [29] and especially on other miniatures by Oliver
along with malachite [13]. In instances where green was obtained by mixing pigments,
the mixture typically comprised azurite and indigo as blue pigments, used together or
individually, and organic lakes as main the yellow ones. Both Hilliard and Norgate
disapproved of the use of verdigris, which is indeed never identified in this study, and list
cedar green (similar to chrysocolla, a copper silicate) and verditer (intended as copper
carbonates) as green pigments, as well as mixtures of ‘pinke’ (yellow lake) and blue
bice [1,15].
4. Discussion
All of the miniatures by Nicholas Hilliard and Isaac Oliver analysed during this as
well as previous studies were painted with pigments commonly used in the 16th and 17th
centuries. Although Oliver was probably briefly trained by Hilliard in the 1580s, this study
highlights that the two limners have very distinct artistic personalities, each artist em-
ploying specific pigments at different times and often in different ways, as summarised
in Figure 10 and Table 7. Possible competition between the two may have led to diverg-
ing and innovative artistic choices, such as Hilliard’s distinctive, minimalistic, and pale
portraits versus the evident Continental influence in Oliver’s style, which appealed to
certain patrons.
Nicholas Hilliard’s working practice reflects his artistic choices at different points
during his career; the early, fully modelled portraits and his later, paler ones are technically
similar in the way that the eyes and mouth are depicted, although clear differences exist in
the flesh tones and the amount of modelling (the latter being close to absent). Interestingly,
in his treatise, Hilliard mentioned various pigments for painting the ‘carnation’ layer but
not vermilion, which was nevertheless identified widely in his works.
The overall trend for Isaac Oliver’s materials and painting technique is consistent for
most of the miniatures analysed. The absence of vermilion in flesh tones after ca. 1610
may provide technical grounds for dating objects. The technical analysis established the
presence of a number of outliers and confirmed that miniature FM 3882, currently tentatively
attributed to Oliver, does not fit neatly within Oliver’s ‘typical’ materials and techniques.
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Figure 10. Timeline showing the preferred pigments on the flesh tones used by Hilliard and Oliver. 
During Hilliard’s second phase, corresponding to paler portraits, red lead is the preferred pigment. 
Table 7. Comparison between Oliver and Hilliard’s technique based on the analytical data gathered during this study. 
 Nicholas Hilliard Isaac Oliver 







Lead white, carbon black, 
hematite, vermilion 
Lead white, carbon black, 
red lead, additional pig-
ments (vermilion, hematite, 
goethite, lead tin yellow I, 
azurite) 
Lead white, carbon 
black, red lead, vermil-
ion 
Lead white, carbon black, 
red lead, additional pig-
ments (hematite, goethite, in-
digo, lead tin yellow I) 
M ou th Brown corners Dark corners 
Figure 10. Timeline showing the preferred pigments on the flesh tones used by Hilliard and Oliver.
During Hilliard’s second phase, corresponding to paler portraits, red lead is the preferred pigment.
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Table 7. Comparison between Oliver and Hilliard’s technique based on the analytical data gathered during this study.
Nicholas Hilliard Isaac Oliver







Lead white, carbon black,
hematite, vermilion
Lead white, carbon black,
red lead, additional pigments
(vermilion, hematite, goethite,
lead tin yellow I, azurite)
Lead white, carbon black,
red lead, vermilion
Lead white, carbon black,
red lead, additional
pigments (hematite,




th Brown corners Dark corners
Vermilion Pink lake, red lead Red lead, sometimes mixedwith a pink lake and vermilion
Red lead, sometimes mixed







Different red pigments used mostly alone: red lead,







s 2 overlaid lines:
- First lighter line: carbon black, organic brown
- Second darker line: carbon black, organic brown
2 overlaid lines or a single line:
- First pink line: carbon black, red pigments (vermilion
or hematite)
- Second dark line: carbon black





ld 2 overlaid lines 1 single line
2 overlaid lines or a single line
The second dark line, when present, is visible only at the
corners
Same pigments used for the eyelash line, but more
finely divided
Same pigment used for the eyelash line, but more finely
divided










n 2 overlaid layers:
- First yellow layer: lead tin yellow type I or orpiment
- Second orange layer: arsenic sulfide, sometimes mixed
with lead tin yellow type I, red lead and hematite
A single orange layer








Mixture of blue (indigo, azurite) and yellow pigments
(organic lakes, lead tin yellow)
Mixture of blue (indigo, azurite, ultramarine) and yellow
pigments (mostly organic lakes)
5. Conclusions
This study makes a significant contribution to the existing knowledge on English
portrait miniatures between the 16th and 17th centuries, providing technical results on
several objects attributed to two of the most famous ‘limners’ of that time and advancing
our understanding of materials and working methods behind the creation of these valuable
objects. The use of a non-invasive analytical approach made it possible to gain data from
a number of small, fragile artworks, for which sampling is not considered ethical. An ex-
panded technical study that takes fully into account other areas of the objects in addition to
flesh tones, such as the orange and green ones briefly mentioned in this article, as well as a
larger number of Hilliard’s miniatures, may provide additional evidence to differentiate
the two artists and refine the corpus of objects attributed to them. This could be of the
utmost importance when objects have a history of alternating or uncertain attributions,
as is the case for several of the miniatures attributed to both limners. The question about
how many other artists were working as high-end miniaturists in England at the time
remains unanswered; further research—both archival and technical—may clarify this point
and enable a better understanding of the historical period and this distinctive kind of art
that was so popular in England at the turn of the 17th century.
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